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                                            ABSTRACT 
Powder of pericarp layers from orange and grape fruit were 
used as a source of nutrients for culturing some species of bacteria and 
fungi. Nine reference strains and one bacterium isolates and nine 
isolates of fungi, identified to species level were tested for their 
growth ability on orange pericarp media.  Orange pericrp powder with 
agar and NaCl (type1), orange pericarp powder with agar, NaCl and 
potassium nitrate (type 2), and orange pericarp powder with agar, 
NaCl and peptone water (type 3) were used to test bacterial  growth 
.Whereas orange pericarp media consisting of pericarp powder with 
agar and peptone water (type A) , pericarp powder with agar, peptone 
water and potassium nitrate (type B), pericarp powder with agar, 
peptone water and vitamins (B1, B6 and  B12) ( type C) and type C 
medium with potassium nitrate (type D) were used to test fungal 
growth.  
Escherichia coli, Pseudomonas aeruginosa   Klebsiella pneumoniae  
Staphylococcus aureus, Salmonella typhimurium, Shigella flexneri, 
Proteus mirabilis, Bacillus subtilis, Enterococcus feacalis and 
Sterptococcus agalactiae grew well on pericarp medium type 
3.Whereas only E.coli and K.pneumoniae grew on pericarp media 
type 1 and 2. Fastidious bacterium namely: Strept. pyogenes failed to 
 v
grow in all types of media. Differences in apperance and color of the 
colonies were noted for some tested bacterial species when grown on 
grape fruit pericarp media compared to orange pericarp media. 
               When compared with MacConkey’s and blood agar, orange 
Pericarp medium type 3 was found to be a non inhibitory medium, 
cheap and very easy to prepare. There was low risk of contamination 
during pouring and sterilization procedures, compared to blood agar. 
Special growth characteristics of some bacterial species were more 
conspicuous on this medium, for example; K.peumoniae produced 
very mucoid colonies; swarming growth was very marked with 
Pr.mirabilis and Ps.aeruginosa produced visible diffused pigments. 
               All Aspergillus species (A.niger, A.terreus, A.flavus, and 
A.fumigatus), Trichophyton species(T.mentagrophytes, T.verrucosum 
and T.schoenleinii) and Microsporum canis  grew well on orange 
pericarp media, but Microsporum  audouinii failed to grow. 
            T.mentagrophytes grew on all types of orange pericarp media, 
except type A. It produced different colonial morphology; one of these 
colonies had special grey volcano/cut tree appearance. Growth of  M. 
canis, T.verrucosum and T.schoenleinii was slow and scanty on 
orange pericarp media compared to that on Sabouraud dextrose agar.  
Growth of Aspergillus species  was faster on pericarp media  than  on 
 vi
Sabouraud dextrose agar, but the amount of growth was comparable 
on both media. Rate and quantity of growth of T.mentagrophytes were 
comparable on both, pericarp media and Sabouraud dextrose agar. 
There were variations in the appearance of T.mentagrophytes colonies 
on pericarp media; not noted on Sabouraud dextrose agar. On pericarp 
media the colonies were larger and granular and some have  a volcano 
– shapes. It appears that pericarp media can be used as non inhibitory 
media for culturing some bacterial and fungal species. 
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  ﺍﻷﻁﺭﻭﺤﺔ ﻼﺼﺔﺨ  
 ﻜﻤﺼﺩﺭ ﻏﺫﺍﺌﻲ ﻟﺯﺭﻉ ﺒﻌﺽ ﺃﻨـﻭﺍﻉ ﺒﺭﺘﻘﺎل ﻭﺍﻟﻘﺭﻴﺏ ﻓﺭﺕ ﺍﺴﺘﺨﺩﻤﺕ ﺒﺩﺭﺓ ﻗﺸﺭﺓ ﺍﻟ 
  ﻭﻨﻭﻉ ﻭﺍﺤﺩ ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴـﺎ ﻤﻌﺯﻭﻟـﺔ ﻤﻥ ﺍﻟﺒﻜﺘﺭﻴﺎ  ﻤﺭﺠﻌﻴﺔ  ﺃﻨﻭﺍﻉ ﺔﺘﺴﻌﻟﻔﻁﺭﻴﺎﺕ، ﺍﻟﺒﻜﺘﺭﻴﺎ ﻭﺍ 
ﻓﻁﺭﻴﺎﺕ ﻋﺯﻟﺕ ﻤﺤﻠﻴﺎﹰ ﻭﺘﻡ ﺍﻟﺘﻌﺭﻑ ﻋﻠﻲ ﺃﻨﻭﺍﻋﻬﺎ ، ﺍﺨﺘﺒﺭﺕ ﻟﻤﻘﺩﺭﺘﻬﺎ ﻋﻠﻲ ﺍﻟﻨﻤﻭ ﻓﻲ  ﺔﺘﺴﻌﻭ
، ( 1ﻨـﻭﻉ )ﻏﺎﺭ ﻭﻜﻠﻭﺭﻴﺩ ﺍﻟـﺼﻭﺩﻴﻭﻡ ﺓ ﺍﻟﺒﺭﺘﻔﺎل ﻤﻊ ﺍﻹ ﺒﺩﺭﺓ ﻗﺸﺭ . ﻭﺴﺎﺌﻁ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎل 
ﻭﺒـﺩﺭﺓ ( 2ﻨـﻭﻉ )ﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﻨﺘﺭﺍﺕ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎل ﻤﻊ ﺍﻻﻏﺎﺭ ﻭﻜ ﺒﺩﺭﺓ 
ﺍﺴﺘﺨﺩﻤﺕ ﻹﺨﺘﺒﺎﺭ ﻨﻤـﻭ ( 3ﻨﻭﻉ )ﻭﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﻟﺒﻴﺒﺘﻭﻥ ﺍﻹﻏﺎﺭ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎل ﻤﻊ 
، ﺒﺩﺭﺓ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘـﺎل ( Aﻨﻭﻉ  )ﺍﻟﺒﻴﺒﺘﻭﻥﻭﺍﻹﻏﺎﺭ ﺒﻴﻨﻤﺎ ﺒﺩﺭﺓ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎل ﻤﻊ . ﺍﻟﺒﻜﺘﺭﻴﺎ 
ﺍﻹﻏـﺎﺭ  ، ﺒﺩﺭﺓ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘـﺎل ﻤـﻊ (Bﻨﻭﻉ ) ﻭﻨﺘﺭﺍﺕ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ ﺍﻟﺒﻴﺒﺘﻭﻥﻭﺍﻹﻏﺎﺭ ﻤﻊ 
 ﻤـﻀﺎﻓﺎﹰ ﺇﻟﻴـﻪ ﻨﺘـﺭﺍﺕ Cﻭﻭﺴﻁ ﻨـﻭﻉ ( Cﻨﻭﻉ  )(21B,1B,6B) ﻭﺍﻟﻔﻴﺘﻴﻤﻴﻨﺎﺕ ﺍﻟﺒﻴﺒﺘﻭﻥﻭ
  . ﺍﺴﺘﺨﺩﻤﺕ ﻹﺨﺘﺒﺎﺭ ﻨﻤﻭ ﺍﻟﻔﻁﺭﻴﺎﺕ(D ﻨﻭﻉ)ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ 
ﺍﻟﻜﻠﺒـﺴﻴﻠﺔ ، ( asonigurea .sP)، ﺍﻟﺯﺍﺌﻔـﺔ ﺍﻟﺯﻨﺠﺎﺭﻴـﺔ ( iloc.E)ﺍﻻﺸﺭﻴﻜﻴﺔ ﺍﻟﻘﻭﻟﻭﻨﻴﺔ 
ﺍﻟﺴﺎﻟﻤﻭﻨﻴﻠﺔ ﺍﻟﺘﻴﻔﻴـﺔ ، ( suerua.hpatS)ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴﺔ ، ( eainomuenp.K)ﺍﻟﺭﺌﻭﻴﺔ 
 ، ﺍﻟﻤﺘﻘﻠﺒـﺔ ﻤﻴـﺭﺒﻠﺱ (irenxelf.hS)، ﺍﻟﺸﻴﻐﻠﺔ ﻓﻠﻴﻜﺴﻴﻨﻴﺭﻱ  (muirumihpyt.S)ﺍﻟﻔﺎﺭﻴﺔ 
، ﺍﻟﻤﻜـﻭﺭﺓ ﺍﻟﻤﻌﻭﻴـﺔ ﺍﻟﺒﺭﺍﺯﻴـﺔ ( silitbus.B)، ﺍﻟﻌـﺼﻭﻴﺔ ﺍﻟﺭﻗﻴﻘـﺔ ( silibarim.rP)
ﻨﻤﺕ ﺠﻤﻴﻌﻬﺎ ﻓﻲ ﻭﺴـﻁ  (eaitcalaga .tprets)ﻭﺍﻟﻌﻘﺩﻴﺔ ﺍﻟﻠﺒﻨﻴﺔ  ، (silacaef.oretnE)
 ﻲﻨﻤﺕ ﻓﻲ ﻭﺴـﻁ ﺍﻻﺸﺭﻴﻜﻴﺔ ﺍﻟﻘﻭﻟﻭﻨﻴﺔ ﻭ ﺍﻟﻜﻠﺒﺴﻴﻠﺔ ﺍﻟﺭﺌﻭﻴﺔ  ﺒﻴﻨﻤﺎ ﻓﻘﻁ  3  ﻨﻭﻉ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎل 
  ﻭﺍﻟﺘـﻲ ﺘـﺴﻤﻲ ﺒﺎﻟﻌﻘﺩﻴـﺔ ﺍﻟﻤﻘﻴﺤـﺔﺍﻟﺒﻜﺘﺭﻴـﺎ ﺍﻟﻤﺴﺘﻌـﺼﻴﺔ.  2 ﻭ 1ﻗـﺸﺭﺓ ﺍﻟﺒﺭﺘﻘـﺎل 
  .ﻓﺸﻠﺕ ﻓﻲ ﺍﻟﻨﻤﻭ ﻓﻲ ﺠﻤﻴﻊ ﻫﺫﻩ ﺍﻻﻭﺴﺎﻁ (senegoyp.tperts)
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 ﻓﻲ ﻭﺴﻁﻲ ﻗـﺸﺭﺓ ﺍﻟﺒﺭﺘﻘـﺎل ﻤﺴﺘﻌﻤﺭﺍﺕ ﺒﻌﺽ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻟﻭﺤﻅﺕ ﺍﺨﺘﻼﻓﺎﺕ ﻓﻲ ﺸﻜل ﻭﻟﻭﻥ 
  .ﺕﻗﺸﺭﺓ ﺍﻟﻘﺭﻴﺏ ﻓﺭﻭ
ﺍﺘـﻀﺢ ﺒـﺄﻥ  , ﻭﻱ ﺍﻟﺩﻤ ﺍﻹﻏﺎﺭ ﺍﻟﻤﺎﻜﻭﻨﻜﻲ ﻭ ﻋﻨﺩ ﻤﻘﺎﺭﻨﺔ ﻭﺴﺎﺌﻁ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎل ﻤﻊ ﻭﺴﻁﻲ 
   ﻜﻤـﺎ ﺃﻥ . ، ﺭﺨﻴﺹ ﻭﺴﻬل ﺍﻟﺘﺤﻀﻴﺭ ﻴﻌﻤل ﻜﻭﺴﻁ ﻏﻴﺭ ﻤﺜﺒﻁ  3 ﻨﻭﻉ ﻭﺴﻁ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎل 
. ﺍﻟـﺩﻤﻭﻱ ﺍﻹﻏـﺎﺭ  ﻀﻌﻴﻔﺔ ﻤﻘﺎﺭﻨﺔﹰ ﺒﻭﺴـﻁ  ﻋﻤﻠﻴﺎﺕ ﺍﻟﺼﺏ ﻭﺍﻟﺘﻌﻘﻴﻡ ﺃﺜﻨﺎﺀ ﺍﻟﺘﻠﻭﺙﻴﺔ ﻟﺍﺤﺘﻤﺎ
 ﻤـﺜﻼﹰ . ﻓﻲ ﻫـﺫﺍ ﺍﻟﻭﺴـﻁ  ﺠﺩﺍﹰ ﻤﻤﻴﺯﺍﺕ ﺍﻟﻨﻤﻭ ﺍﻟﺨﺎﺼﺔ ﻟﺒﻌﺽ ﺍﻨﻭﺍﻉ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻜﺎﻨﺕ ﻭﺍﻀﺤﺔ 
ﻤﺘﻘﻠﺒﺔ ﻤﻴـﺭﺒﻠﺱ ﺍﻟﺯﺍﺤﻑ ﻟﻠ  ﻜﻤﺎ ﺇﻥ ﺍﻟﻨﻤﻭ  . ﻤﺴﺘﻌﻤﺭﺍﺕ ﻤﺨﺎﻁﻴﺔ ﺠﺩﺍﹰ ﺍﻨﺘﺠﺕ ﺍﻟﻜﻠﺒﺴﻴﻠﺔ ﺍﻟﺭﺌﻭﻴﺔ 
  .ﻭﻤﻨﺘﺸﺭﺓ ﺍﻨﺘﺠﺕ ﺼﺒﻐﺎﺕ ﻭﺍﻀﺤﺔ  ﺍﻟﺯﺍﺌﻔﺔ ﺍﻟﺯﻨﺠﺎﺭﻴﺔ. ﺒﻭﻀﻭﺡﻤﺸﺎﻫﺩ
، ( regin.A)ﺍﻟﺭﺸﺎﺸـﻴﺔ ﺍﻟـﺴﻭﺩﺍﺀ ( : seiceps sulligrepsA)ﺭﺸﺎﺸﻴﺎﺕ ﺍﻨﻭﺍﻉ ﺍﻟﺠﻤﻴﻊ 
 ، ﺍﻟﺭﺸﺎﺸـﻴﺔ ﺍﻟـﺩﺨﻨﺎﺀ (suerret.A)، ﺍﻟﺭﺸﺎﺸﻴﺔ ﺍﻟﺒﻨﻴـﺔ ( suvalf.A)ﺍﻟﺭﺸﺎﺸﻴﺔ ﺍﻟﺼﻔﺭﺍﺀ 
، ﺍﻟ ــﺸﻌﺭﻭﻴﺔ ( seiceps notyhpohcirT)ﺃﻨ ــﻭﺍﻉ ﺍﻟ ــﺸﻌﺭﻭﻴﺔ ، ( sutagimuf.A)
، ( musocurrev.T)ﻟﻤﺒﺭﻗـﺸﺔ  ، ﺍﻟـﺸﻌﺭﻭﻴﺔ ﺍ(setyhporgatnem.T)ﻤﻴﻨﺘﺎﻗﺭﻭﻓـﺎﻴﺘﺱ 
                         ( sinac.M )ﻭﺍﻟﺒﻭﻴﻐـ ــﺎﺀ ﺍﻟﻜﻠﺒﻴـ ــﺔ( iinielneohcs.T)ﻭﺍﻟـ ــﺸﻌﺭﻭﻴﺔ ﺸـ ــﻭﻴﻨﺎﻟﻲ 
ﻓـﺸﻠﺕ ﻓـﻲ  ، (iiniuodua  .M)ﻟﻜﻥ ﺍﻟﺒﻭﻴﻐﺎﺀ ﺍﻴـﺩﻭﻴﻨﻲ . ﻲ ﻭﺴﻁ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎلﻨﻤﺕ ﻓ
   .ﺍﻟﻨﻤﻭ
 ﻭﺃﻨﺘﺠـﺕ A ﻭﺴـﻁ ﻲ ﺠﻤﻴﻊ ﺍﻻﻭﺴﺎﻁ ﻤﺎﻋـﺩﺍ ﻨﻤﺕ ﻓ  (setyhporgatnem.T)ﺍﻟﺸﻌﺭﻭﻴﺔ 
 ﺃﻭ ﺘـﺸﺒﻪ  ﺍﻟـﺸﻜل ﺒﺭﻜﺎﻨﻴﺔ ﺫﺍﺕ ﻟﻭﻥ ﺭﻤﺎﺩﻱ  ﻜﺎﻨﺕ ﺇﺤﺩﺍﻫﺎ. ﻤﻥ ﺍﻟﻤﺴﺘﻌﻤﺭﺍﺕ ﺃﺸﻜﺎل ﻤﺘﻌﺩﺩﺓ 
، ﺍﻟـﺸﻌﺭﻭﻴﺔ ﺍﻟﻤﺒﺭﺸـﻘﺔ ( sinac .M) ﻨﻤـﻭ ﺍﻟﺒﻭﻴﻐـﺎﺀ . ﺍﻟـﺸﺠﺭﺓ ﺍﻟﻤﻘﻁﻭﻋـﺔﺸـﻜل
 ﻜﺎﻥ ﺒﻁﻴﺌﺎﹰ ﻭﻗﻠـﻴﻼﹰ ﻤﻘﺎﺭﻨـﺔﹰ (iinielneohcs.T)ﻭﺍﻟﺸﻌﺭﻭﻴﺔ ﺸﻭﻴﻨﺎﻟﻲ ( musocurrev.T)
xi 
ﻓﻲ ﻭﺴـﻁ ﻗـﺸﺭﺓ ( seiceps sulligrepsA)ﻨﻤﻭ ﺃﻨﻭﺍﻉ ﺍﻟﺭﺸﺎﺸﻴﺎﺕ .  ﺍﻟﺴﺎﺒﻭﺭﻭﻴﺩ ﺒﻭﺴﻁ
ﺍﻟﺒﺭﺘﻘﺎل ﻜﺎﻥ ﺍﺴﺭﻉ ﻤﻨﻪ ﻓﻲ ﻭﺴﻁ ﺍﻟﺴﺎﺒﻭﺭﻭﻴﺩ ، ﻭﻟﻜﻥ ﻜﻤﻴﺔ ﺍﻟﻨﻤـﻭ ﻜﺎﻨـﺕ ﻤﺘـﺴﺎﻭﻴﺔ ﻓـﻲ 
ﻜﺎﻨـﺎ ( setyhporgatnem.T) ﻤﻴﻨﺘﺎﻗﺭﻭﻓـﺎﻴﺘﺱ ﺴﺭﻋﺔ ﻭﻜﻤﻴﺔ ﻨﻤﻭ ﺍﻟﺸﻌﺭﻭﻴﺔ . ﺍﻟﻭﺴﻁﻴﻥ 
 ، ﺍﻤﺎ ﺍﻟﻤﺴﺘﻌﻤﺭﺍﺕ ﻓﻜﺎﻨـﺕ ﻜﺒﻴـﺭﺓ ﻓـﻲ ﻤﺘﺴﺎﻭﻴﻴﻥ ﻓﻲ ﻭﺴﻁﻲ ﻗﺸﺭﺓ ﺍﻟﺒﺭﺘﻘﺎل ﻭﺍﻟﺴﺎﺒﻭﺭﻭﻴﺩ 
ﺨﻠﺼﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟـﻲ ﺃﻥ ﻭﺴـﻁ . ﺍﻟﺤﺠﻡ ﻭﺩﺍﺌﺭﻴﺔ ﺍﻟﺸﻜل ﻭﺒﻌﻀﻬﺎ ﺫﺍﺕ ﺸﻜل ﺒﺭﻜﺎﻨﻲ 
ﺃﻨـﻭﺍﻉ  ﻴﻤﻜﻥ ﺍﺴﺘﺨﺩﺍﻤﻪ ﻜﻭﺴﻁ ﻏﻴﺭ ﻤﺜﺒﻁ ﻟﺘﺯﺭﻴـﻊ ﺒﻌـﺽ ﺒﺭﺘﻘﺎل ﻭﺍﻟﻘﺭﻴﺏ ﻓﺭﺕ ﻗﺸﺭﺓ ﺍﻟ 
       .ﺍﻟﺒﻜﺘﺭﻴﺎ ﻭﺍﻟﻔﻁﺭﻴﺎﺕ
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CHAPTER ONE 
INTRODUCTION 
            Traditional methods of microbial ecology require that organisms 
from an environment be cultivated in the laboratory so that they can be 
characterized and identified (Kenneth, 1998).Isolation and identification of 
viable pathogens is still the “gold standard” for diagnosis of infectious 
diseases (Finegold and Boron, 1986).The development of culture media 
productive of rapid and luxuriant growth are essential requisites for 
isolation and study of specific organism. (Oxoid Manual, 1973). Culture 
media are solid, semi solid and liquid preparations employed for the 
cultivation and identification of microorganisms. There are different culture 
media: basic, enriched, selective, differential and transport media (Monica, 
1984). Specialized media are essential for the isolation and identification of 
some microorganisms. These media include media for testing antibiotic 
sensitivities, water and food analysis, industrial microbiology and other 
activities. In such cases, the function of the medium also will determine its 
composition. Generally, microorganisms grow naturally in almost all types 
of habitat. They need essential sources of nutrients to maintain growth and 
reproduction. Knowledge of microorganisms normal habitat is often useful 
in selecting an appropriate culture medium, because it’s nutrient 
requirements reflect it’s natural surroundings. ( Zakia, 2003) 
Growing microorganisms are making replicas of themselves (Brooks 
et al ,2001) . To obtain energy and construct their cellular components, they 
must have a supply of raw materials or nutrients (Prescott  et al, 1999) . 
Microorganisms generally, need sources of energy, carbon, nitrogen, 
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phosphorus, sulfur and various minerals. Nutrients necessary for the growth 
of pathogens can be supplied by living system, as in cell culture or by 
mixing together the required nutrients in an artificial system (culture 
media). Failure of an organism to grow on a certain medium is probably due 
to the absence of one or more of essential nutrients. In order that bacteria 
and fungi multiply on artificial media they must have available the required 
nutrients, a permissive temperature, enough moisture in the medium and in 
the atmosphere, the proper gaseous atmosphere, proper salt concentration, 
an appropriate pH, and there must be no growth inhibiting factors. 
(Finegold and Boron, 1986). 
Culture Media are usually selected to support the growth of most 
bacteria and fungi.  They have very high cost and are difficult to obtain or 
prepare, these problems need to be resolved particularly in developing 
countries. In the present study the pericarp layers of orange and grapefruit 
were prepared as powder and used as sources of nutrient to produce cheap 
culture media for cultivation of some species of bacteria and fungi.  
 The objectives of this study were: 
       1. To produce cheap culture media for the cultivation of some species 
of bacteria and fungi using pericarp layers of citrus fruit. 
  Special Objectives: 
2. To test the ability of some species of bacteria and fungi to grow onP 
these culture media. 
       3. To compare the rate, amount and type of growth of these 
microorganisms on the new media with those commonly used bacterial and 
fungal culture media. 
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                                          CHAPTER TWO 
LITERATURE REVIEW 
2.1. The growth, survival and death of microorganisms:  
2.1.1. Survival of microorganisms in the natural environment:  
 The natural habitats of microorganisms are exceedingly diverse. Any 
habitat suitable for the growth of higher organism will also support growth 
of microorganisms, but in addition, there are many habitats where, because 
of some physical or chemical extreme, higher organisms are absent yet 
microorganisms exist, and occasionally even flourish. Microorganisms 
inhabit the surfaces of higher organisms and in some cases actually live 
within plant and animal. Although the population of microorganisms in the 
biosphere is roughly constant, they frequently reach large number in such 
habitats and may benefit the plant or animal in a nutritionally significant 
way.  
 In general, however, it is the concentration and nature of available 
nutrients in a given environment that will ultimately dictate the types and 
numbers of organisms present, and these are determined by successful 
competition for nutrients and maintenance of a pool of living cells during 
nutritional deprivation. Microorganisms in nature actively compete for 
nutrients, and the most successful species in a given habitat will be those 
capable of best utilizing the available nutrients under the environmental 
condition that prevail. Nevertheless, it should be remembered that many 
microorganisms compete in the natural environment while under nutritional 
stress, a circumstance that may lead to a physiological state quite unlike that 
observed in the laboratory, so that bacterial growth rates and cell yields in 
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most natural environments fall well below that of laboratory cultures. 
(Thomas and Michael, 1991; Brook et al, 2001).  
2.1.2. The meaning of growth:  
 Growth is defined as an increase in the number of microbial cells in a 
population, which can also be measured as an increase in microbial mass 
(i.e. the sum of all components of an organism).  
         Growth in microorganisms generally occurs by means of cell division. 
Microbes grow primarily as a population of cells.  
         Cell growth results from an increase in the size of cell, followed by 
division. A population growth results from an increase in the number of 
cells.  
2.1.2.1. Growth rate:  
 Is the change in cell number or mass per unit time. During this cell – 
division cycle, all the structural components of the cell double. The interval 
for the formation of two cells from one is called a generation and the time 
required for this to occur is called the generation time. During a single 
generation, both the cell number and cell mass have doubled.  
 Generation times vary widely among organisms. Many bacteria have 
generation times of 1 to 3 hours, but a few very rapidly growing organisms 
are known that divide in as little as 10 minutes and other have generation 
time of several hours or even days. (Thomas and Michael, 1991; Tortora et 
al,1995). The generation time of fungi is usually longer than that of 
bacteria. 
2.1.3. What is death?  
 “Growth is counter balanced by death”. Death means the irreversible 
loss of the ability to reproduce (grow and divide). The empirical test of 
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death is the culture of cells on solid media, a cell is considered dead if it 
fails to give rise to a colony on any medium. Obviously,   the reliability of 
the test depends upon choice of medium and conditions. A culture in which 
99% of the cells appear “dead” in terms of ability to form colonies on one 
medium may prove to be 100% viable if tested on another medium. The 
conditions of incubation in the first hour following treatment are also 
critical in the determination of killing (Brooks et al., 2001).  
2.2. Microbial nutrition:  
 Nutrients are substances used in biosynthesis and energy production 
and therefore are required for microbial growth. (Prescott et al., 1993). 
Nutrients in growth media must contain all the elements necessary for the 
biologic synthesis of new organisms. (Brook et al., 2001).  
2.2.1. The common nutrients requirements:  
 Most of the dry weight of microorganisms is organic matter 
containing carbon, hydrogen, nitrogen, oxygen, phosphorus and sulfur. 
These act as components of carbohydrates, lipids, proteins and nucleic 
acids. In addition, inorganic ions such as potassium, sodium, iron, 
magnesium, calcium and chloride exist in the cell as cations and play a 
variety of roles. Both, organic matter and inorganic ions are called macro 
elements.  
 All microorganisms require several trace elements or micronutrients 
besides macro elements. The trace elements – manganese, zinc, cobalt, 
molybdenum, nickel and copper – are needed by most cells. Trace elements 
are normally parts of enzymes and cofactors and they aid in the catalysis of 
reactions and maintenance of protein structure.  
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 Besides the common macro elements and trace elements, 
microorganisms may have particular requirements that reflect the special 
nature of their morphology or environment. 
 The nutritional requirements of microorganisms vary enormously among 
different species. In addition, these requirements can change within a 
species because of mutations ( Prescott et al., 1993). 
2.2.2. Major nutritional types of microorganisms:                 
 All organisms require sources of energy, hydrogen, and electrons for 
growth to take place. Microorganisms can be grouped into nutritional 
classes based on how they satisfy these requirements. There are only two 
sources of energy available to organism: (1) light energy trapped during 
photosynthesis, and (2) the energy derived from oxidizing organic or 
inorganic molecules. Phototrops use light as their energy source; 
chemotrophs obtain energy from the oxidation of chemical compounds 
(either organic or inorganic).  
 Microorganisms also have only two sources for hydrogen atoms or 
electrons. Lithotrophs use reduced inorganic substances as their electron 
source, whereas Organotrophs extract electrons or hydrogen from organic 
compounds (Prescott et al., 1999).  
2.2.4. Classification of microbial nutrition:  
 Nutrients are classified according to the elements they supply as 
follows:  
A) Hydrogen donors:  
 All chemosynthetic organisms require an energy source in the form 
of H donors (i.e. oxidizable substrates). In addition, photosynthetic 
organisms require H donors in order to carry on photosynthesis.  
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B) Hydrogen acceptors:  
 H acceptors are required in energy yielding oxidation – reduction 
reactions for aerobes; gaseous oxygen (O2) is required. Anaerobes require 
either inorganic compounds (Sulfate, nitrate, and carbonate) or organic 
compounds. In the latter case (fermentation), either the carbon source or a 
fragment derived from it by catabolism usually serves as H acceptor. In a 
few instances, however, there is requirement for a unique H acceptor which 
must be present in the medium (Jawetz et al., 1978).  
C) Carbon:  
 A most remarkable nutritional characteristic of microorganisms is 
their extra ordinary flexibility with respect to carbon sources. There is no 
naturally occurring organic molecule that can not be used by some 
microorganisms (Prescott et al., 1999).  
 One–half of the dry weight of a typical bacterial cell is 
carbon.Carbon is the structural back bone of living matter; It is needed for 
all the organic compounds that make up a living cell. Chemoheterotrophs 
get most of their carbon from the source of their energy, namely, organic 
materials such as proteins, carbohydrates, and lipids. Chemoautotrophs and 
photoautotrophs derive their carbon from carbon dioxide. (Tortora et al 
1995).  
 Carbon dioxide is required for a number of biosynthetic reactions. 
Many respiratory organisms produce more than enough carbon dioxide to 
meet this requirement, but others require a source of CO2 in their growth 
medium. (Brooks et al., 2001).  
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D) Nitrogen:  
 Nitrogen is a major component of proteins and nucleic acid, 
amounting to about 10% of the dry weight of atypical bacterial cell. 
Nitrogen is needed for the synthesis of amino acid, purines, pyrimidines, 
some carbohydrates and lipids, enzyme cofactors and other substances. 
Many microorganisms can use the nitrogen in amino acids and ammonia. 
Others organism use nitrogen from ammonium ions ( −4NH ), which are 
already in the reduced form and are usually found in organic cellular 
materials, through the action of enzymes such as glutamate synthase.  
 Most phototrophs and many non photosynthetic microorganisms are 
able to derive nitrogen from nitrates and reduce it to ammonia. Some 
important bacteria, including the cynobacteria use gaseous nitrogen (N2) 
directly from the atmosphere by using the nitrogenase system through a 
process known as nitrogen fixation. (Tortora et al, 1995; Prescott et al., 
1999).  
E) Sulfur:  
 Sulfur is a component of many organic cell substances. It forms part 
of the structure of several coenzymes and is found in the cysteinyl and 
methinoyl side chains of proteins. Sulfur and phosphorus together constitute 
3% of the dry weight of atypical bacterial cell. Sulfur is needed for the 
synthesis of many substances like sulfur – containing amino acids (cysteine 
and methionine) some carbohydrates and vitamins such as thiamine and 
biotin. Important natural sources of sulfur include the sulfate ion ( −24SO ), 
hydrogen sulfide and the sulfur–containing amino acids.  
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Most microorganisms use sulfate as a source of sulfur and reduce it 
by sulfate reduction, a few require a reduced form of sufur such as cystiene 
(Prescott, et al, 1993; Toratora et al, 1995; Prescott, et al 1999; Brooks et 
al, 2001).  
F) Phosphorus:  
 Phosphate ( −34PO ) is required as a component of adenosine 
triphosphate (ATP), nucleic acids and coenzymes as nicotinamide adenine 
dinuceoltide(NAD), NADP and flavins. In addition, many metabolites, 
lipids (Phospholipids, lipid A), cell wall components (teichoic acid), some 
capsular polysaccharides and some proteins are phosphorylated. An 
important source of phosphorus is the phosphate ion ( −34PO ). Almost all 
microorganisms use inorganic phosphate as their phosphorus source and 
incorporate it directly. Some microorganisms (e.g. Escherichia.coli) 
actively acquire phosphorus from their surroundings.  
G) Other elements:  
 Numerous minerals are required for enzymatic function. Magnesium 
ion (Mg2+) and ferrous ion (Fe++) are found in prophyrin derivatives: 
magnesium in the chlorophyll molecule and iron as part of the coenzymes 
of the cytochroms and peroxidases. Magnesium (Mg2+) and potassium (K+) 
are both essential for the function and integrity of ribosomes. Magnesium 
(Mg+) serves as a cofactor for many enzymes, complexes with ATP, 
stabilizes ribosomes and cell membranes. Potassium (K+) is required for 
activity by a number of enzymes, including some of those involved in 
protein synthesis. Calcium (Ca2+) is required as a constituent of Gram– 
negative bacteria. In addition, it contributes to the heat–resistance of 
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bacterial endospores. Iron (Fe2+ and Fe3+) are parts of cytochromes and 
cofactors for enzymes and electron – carrying proteins.  
 In formulating a medium for the cultivation of most 
microorganisms, it is necessary to provide sources of potassium, 
magnesium, calcium and iron, usually as their ions (K+, Mg2+, Ca2+ and 
Fe2+). Many others minerals (e.g. Mn2+, Mo2+, Co2+, Cu2+ and Zn2+) are 
required as part of enzymes and cofactors, and they aid in the catalysis of 
reactions and maintenance of protein structure. Zinc (Zn2+) is present at the 
active site of some enzymes but is also involved in the association of 
regulatory and catalytic subunits in E. coli aspartate carbamoyltransferase. 
Manganese (Mn2+) aids many enzymes catalyzing the transfer of phosphate 
groups. Molybdenum (Mo2+) is required for nitrogen fixation, and cobalt 
(Co2+) is a component of vitamin B12. (Salle, 1971; Prescott et al, 1993; 
Toratora et al, 1995; Brooks et al, 1998).  
 H) Growth factors:  
 A growth factor is an organic compound, which a cell must obtain in 
order to grow, because it is unable to synthesize by it. Different microbial 
species vary widely in their growth factor requirements. The differences in 
requirements reflect differences in synthetic abilities; some species require 
no growh factors, while others require them in the medium. There are three 
major classifications of growth factors: (1) amino acids, (2) purines and 
pyrimidines (3) vitamins.  
 Amino acids are needed for protein synthesis. Purines and 
pyrimidines for neuclic acid synthesis. Vitamins are organic molecules that 
usually make up all or parts of enzyme cofactors. Other growth factors 
include heme and cholesterol.  
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2.3. Mechanisms used for uptake of nutrients by the cell:  
 The first step in nutrient use is uptake of the required nutrients by the 
microbial cell. Uptake mechanisms must be specific; That is, the necessary 
substances, and not others, must be acquired. Nutrient molecules must pass 
through a selectively permeable plasma membrane that will not permit the 
free passage of most substances. Microorganisms use several different 
transport mechanisms. The most important of these are facilitated diffusion, 
active transport and group translocation. Eukaryotic microorganisms do not 
appear to employ group translocation, but take up nutrients by process of 
endocytosis (Prescott, et al 1999).  
2.4. Microbial metabolism: 
The sum of all chemical reactions within a living organism is known as 
metabolism. The term catabolism refers to chemical reactions that result in 
the breakdown of more complex organic molecules into simpler substances. 
Catabolic reactions usually release energy. The term anabolism refers to 
chemical reactions in which simpler substances are combined to form more 
complex molecules. Anabolic reactions usually require energy. The energy 
of catabolic reactions is used to drive anabolic reactions. The energy for 
chemical reactions is stored in ATP (Kenneth Todar, 1998; Rollins and 
Joseph, 2000). 
ATP________ ADP + Pi +Energy 
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2.4.1. Enzymes:     
  Enzymes are proteins, produced by living cells that catalyze chemical 
reactions by lowering the activation energy. They are generally globular 
proteins with characteristic three-dimensional shapes. They are efficient, 
can operate at relatively low temperatures, and are subject to various 
cellular controls  
2.4.1.1. Mechanism of enzymatic action: 
          When an enzyme and substrate combine, the substrate is transformed, 
and the enzyme is recovered (catalyst). 
 Enzymes are characterized by specificity, which is a function of their 
active sites. Table 1. 
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Table  1. Classes of enzyme in microorganisms: 
Class Chemical reaction catalyzed Sample enzyme 
Oxidoreductase  
Oxidation- reduction in which 
oxygen and hydrogen are gained 
or lost 
Cytochrome oxidase, 
lactate dehydrogenase
Transferase  
Transfer of functional groups, 
such as an amino group, acetyl 
group, or phosphate group   
Acetate kinase, 
alanine deaminase 
Hydrolase  Hydrolysis (addition of water). Lipase, sucrase 
Lyase  
Removal of groups of atoms 
without hydrolysis  
Oxalate 
decarboxylase,  
isocitrate lyceze 
Isomerase  
Rearrangement of atoms within 
amolecule 
Glucose phosphate 
isomerase, alanine 
recemase 
Ligase  
Joining of two molecules (using 
energy usually derived from the 
breakdown of ATP) 
Acetyle- co A 
synthetase,  
DNA ligase  
(Kenneth, 1998). 
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2.4.2. Energy production:  
2.4.2.1. Oxidation-reduction reactions 
           Oxidation is the removal of one or more electrons (e-) from a 
substrate. Protons (H+) are often removed with the electrons. Reduction of 
a substrate refers to its gain of one or more electrons, generally with 
proton(s). Each time a substance is oxidized, another is simultaneously 
reduced. These coupled reactions are known as oxidation-reduction or 
redox reactions. Coenzymes serve as electron carriers in redox reactions, 
e.g., NAD+ is the oxidized form; NADH is the reduced form. Glucose is a 
reduced molecule; energy is released during a cell's oxidation of glucose. 
2.4.2.2. The generation of ATP: 
           Energy released during certain metabolic reactions can be trapped to 
form ATP from ADP + phosphate. Addition of phosphate to a molecule is 
called phosphorylation. There are three different mechanisms of metabolic 
phosphorylation.
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During substrate-level phosphorylation, a high-energy phosphate from an 
intermediate (substrate) in catabolism is added to ADP. 
 
 
 
During oxidative phosphorylation, energy is released as electrons are 
passed to a series of electron acceptors (an electron transport chain) and 
finally to O2 (aerobic respiration) or another inorganic compound 
(anaerobic respiration). During photophosphorylation, energy from light is 
trapped by chlorophyll, and electrons are passed through a series of electron 
acceptors. The electron transfer releases energy used for the synthesis of 
ATP. 
 
 
2.4.3. Metabolic (catabolic) pathways of energy production: 
          Series of enzymatically catalyzed chemical reactions (biochemical 
pathways) store energy in and release energy from organic molecules. 
2.4.4. Carbohydrate catabolism: 
Most of a cell's energy is produced from the oxidation of 
carbohydrates. Glucose is the most commonly used carbohydrate. The two 
major types of glucose catabolism are respiration, in which glucose is 
completely broken down, and fermentation, in which it is partially broken 
down. 
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2.4.4.1. Glycolysis: 
Glycolysis is the most common pathway for oxidation of glucose. 
Pyruvic acid is the end-product.Two ATP and two NADH molecules are 
produced from one glucose molecule. 
2.4.4.2. Alternatives to glycolysis; 
The pentose phosphate pathway (hexose monophosphate shunt; 
phosphogluconate pathway) is used to  metabolize  five-carbon sugars and 
to generate reducing power in the form of NADPH; one ATP and 12 
NADPH molecules are produced from one glucose molecule. Operates 
simultaneously with glycolysis. Some bacteria have the required enzymes 
e.g., Bacillus subtilis, E. coli, Enterococcus faecalis and Leuconostoc 
mesenteroides. The Entner-Doudoroff pathway yields one ATP and two 
NADPH molecules from one glucose molecule. Some Gram-negative 
bacteria have the required enzymes (e.g., Pseudomonas, Rhizobium and 
Agrobacterium) 
2.4.4.3. Cellular respiration: 
           During respiration, organic molecules are oxidized. Energy is 
generated from the electron transport chain. 
 In aerobic respiration, O2 functions as the final electron acceptor. 
 In anaerobic respiration, the final electron acceptor is an inorganic 
molecule other than O2 (Rollins and Joseph, 2000). 
2.4.5. Aerobic respiration: 
2.4.5.1. The krebs cycle: 
          Decarboxylation of pyruvic acid produces one CO2 molecule and one 
acetyl group. Two-carbon acetyl groups (acetyl CoA) are oxidized in the 
Krebs cycle. Electrons are picked up by NAD+ and FAD for the electron 
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transport chain. From one molecule of glucose, oxidation produces six 
molecules of NADH, two molecules of FADH2 and two molecules of ATP. 
Decarboxylation produces six molecules of CO2 (one from each carbon in 
the original six-carbon glucose substrate). 
2.4.5.2. The electron transport chain: 
           Electrons are brought to the electron transport chain by NADH and 
FADH2. The electron transport chain consists of electron carriers, including 
flavoproteins, cytochromes, and ubiquinones. 
2.4.6. Anaerobic respiration: 
          The final electron acceptors in anaerobic respiration include NO3-, 
SO4 and CO3.Nitrate (NO3-) is reduced to nitrite (NO2-) or further via 
denitrification to nitrous oxide (N2O) or nitrogen gas (N2) by some 
bacteria, e.g., Pseudomonas or Bacillus. This reaction is important in the 
nitrogen cycle occurring in nature. Sulfate SO4 is reduced to hydrogen 
sulfide (H2S) by some bacteria, e.g. desulfovibrio. Carbonate (C03) is 
reduced to methane (CH4) by methanogenic bacteria. The total ATP yield is 
less than aerobic respiration because only part of the Krebs cycle operates 
under anaerobic conditions. 
2.4.6.1. Fermentation: 
          Fermentation releases energy from sugars or other organic molecules 
by oxidation; O2 is not required in fermentation. Two ATP molecules are 
produced by substrate-level phosphorylation.Electrons removed from the 
substrate reduce NAD+. The final electron acceptor is an organic molecule. 
In lactic acid fermentation, pyruvic acid is reduced by NADH to lactic acid. 
In alcohol fermentation, acetaldehyde is reduced by NADH to produce 
ethanol.  Heterolactic (heterofermentative) fermenters can use the pentose 
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phosphate pathway to produce lactic acid and ethanol (Kenneth Todar, 
1998;Rollins and Joseph,2000). 
2.4.7. Lipid catabolism: 
          Lipases hydrolyze lipids into glycerol and fatty acids. Fatty acids and 
other hydrocarbons are catabolized by beta oxidation. Catabolic products 
can be further broken down in glycolysis and the Krebs cycle. 
2.4.8. Protein catabolism: 
         Before amino acids can be catabolized, they must be converted to 
various substances (intermediates) that enter the Krebs cycle. 
Transamination, decarboxylation, and dehydrogenation reactions convert 
the amino acids to be catabolized. 
2.4.9. Photosynthesis: 
         Photosynthesis is the conversion of light energy from the sun into 
chemical energy; the chemical energy is used for carbon fixation. 
2.4.10. Metabolic (anabolic) pathways of energy use:  
2.4.10.1. Polysaccharide biosynthesis: 
        Glycogen (long chain polymer of glucose) is formed from adenine 
diphosphoglucose (ADPG) in bacteria. Animals utilize UDPG. 
        Uridine diphosphate-N-acetylglucosamine (UDPNAc) is the starting 
material for the biosynthesis of peptidoglycan. 
2.4.10.2. Lipid Biosynthesis: 
         Lipids are synthesized from fatty acids and glycerol. Glycerol is 
derived from dihydroxyacetone phosphate; fatty acids are built from acetyl 
CoA. 
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2.4.10.3. Amino Acid and Protein Biosynthesis: 
         Amino acids are required for protein synthesis. All amino acids can be 
synthesized either directly or indirectly from intermediates of carbohydrate 
metabolism, particularly from the Krebs cycle. 
2.4.10.4. Purine and pyrimidine biosynthesis: 
        The sugars composing nucleotides are derived from either the pentose 
phosphate pathway or the Entner-Doudoroff pathway. Carbon and nitrogen 
atoms from certain amino acids form the backbones of the purines and 
pyrimidines. 
2.4.11. Integration of catabolic and anabolic metabolism: 
          Anabolic and catabolic reactions are integrated through a group of 
common intermediates. Such integrated pathways are referred to as 
amphibolic pathways (Rollins and Joseph, 2000). 
2.5. General characteristics of Bacteria:  
 Bacteria form a large group of unicellular parasitic, saprophytic and 
free - living microorganisms, varying in size from 0.1 – 10mm long. They 
have a simple cell structure (Prokaryotic cell), and multiply by binary 
fission. They are classified by their morphology, staining reactions, cultural 
characteristic, biochemical reactions, antigenic structure and increasingly 
by their genetic composition using specialized molecular biology 
techniques.  
 According to morphological classification, bacteria are either cocci, 
bacilli, vibrios, spirilla and spirochaetes. Based on Gram reaction bacteria 
can be classified into three major groups (1) Gram-positive bacteria (2) 
Gram-negative bacteria.(Monica, 1984). 
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2.5.1. Nutrition and growth of bacteria: 
2.5.1.1. Nutrition: 
 Every organism must find in its environment all of the substances 
required for energy generation and cellular biosynthesis. These substances 
which are utilized for bacterial growth are referred to as nutritional 
requirements of bacterium and are revealed by the cell’s elemental 
composition, which consist of C, H, O, N, S, P, K, Mg, Fe, Ca, Mn, and 
traces of Zn, Co, Cu, and Mo.  
 These elements are found in the form of water, inorganic ions, small 
molecules and macro-molecules which serve either as structural or 
functional role in the cells. The general physiological functions of the 
elements are outlined in Table 2.  
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Table 2. Major elements, their sources and functions in bacterial cells.  
Elements 
% of dry 
weight 
Sources Function 
Carbon 50 Organic compounds or CO2 Main constituent of cellular material  
Oxygen 20 H2O , organic compounds, 
CO2 and O2   
constituent of cell material and cell water, O2 is electron acceptor in 
aerobic respiration   
Nitrogen 14 NH3 , NO3, organic 
compounds, N2 
Constituent of amino acid, nucleic acids, nucleotides and 
coenzymes  
Hydrogen 8 H2O, organic compounds, H2 Main constituent of organic compounds and cell water.   
Phosphorus 3 Inorganic phosphates (PO4) constituent of nucleic acids, nucleotides, phospholipids , LPS and 
teichoic acids 
Sulfur 1 SO4 ,H2S, SO, organic sulfur 
compounds  
constituent of cysteine, methionine, glutathione and several 
coenzymes  
Potassium 1 Potassium salts Main cellular inorganic cation and cofactor for certain enzymes  
Magnesium 0.5 Magnesium salts Inorganic cellular cation, cofactor for certain enzymatic reaction   
Calcium 0.5 Calcium salts Inorganic cellular cation, cofactor for certain enzymes and a 
component of endospores.  
Iron 0.2 Iron salts Component of cytochromes and certain nonheme ion- proteins and  
a cofactor for some enzymatic reaction  
(Kenneth, 1998). 
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In addition to these elements bacteria also require trace elements in such 
small amounts in the form of metal ions which act as cofactors for essential 
enzymatic reactions in the cell. These trace elements are Mn, Co, Zn, Cu 
and Mo.  
A) Carbon and energy source for bacterial growth: 
  In order to grow in nature or in the laboratory, bacteria must have an 
energy source, a source of carbon and other required nutrients, and a 
permissive range of physical conditions.   
 The carbon requirement of organisms must be met by organic carbon 
(a chemical compound with a carbon – hydrogen bond) or by CO2. 
Organisms that use organic carbon are heterotrophs and organisms that use 
CO2 as sole source of carbon for growth are called autotrophs. 
 Lithotrophy is unique to prokaryotes and photoheterotrophy, common in 
the purple and green bacteria.  
Bacteria may also require small amounts of certain organic 
compounds for growth, because they are essential substances, and cannot be 
synthesized by bacterial cells from available nutrients; these substances are 
known as growth factors.  
B) Growth factors:  
Growth factors are required in small amounts; and they fulfill specific 
roles in biosynthesis. Table 3. 
Some bacteria (e.g. E. coli) do not require any growth factors. They 
can synthesize all essential purines, pyrimidine, amino acid and vitamins, 
starting with either carbon source, as part of their own. Certain other 
bacteria (e.g. Lactobacillus) require purines, pyrimidines, vitamins and 
several amino acids in order to grow (Kenneth Todar,1998).
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Table  3. Common vitamins required in the nutrition of certain 
prokaryotes.       
Vitamin  Co-enzyme form   Function 
p-Aminobenzoic 
acid (PABA) 
 Precursor for the biosynthesis of folic acid 
Folic acid Tetrahydrofolate Transfer of one-carbon units and required for synthesis of 
thymine, purine bases ,serine, methionine and pantothenate 
Biotin Biotin Biosynthetic reactions that require CO2 fixation 
Lipoic  acid Lipoamide Transfer of acyl groups in oxidation of keto acids 
Mercaptoethane-
sulfonic acid 
Coenzyme M CH4 production by methanogens  
Nicotinic acid NAD (nicotinamide 
adenine dinucleotide) 
and NADP 
Electron carrier in dehydrogenation reactions 
Pantothenic acid Coenzyme A and the 
Acyl Carrier Protein 
(ACP) 
Oxidation of keto acids and acyl group carriers in metabolism 
Pyridoxine(B6) Pyridoxal phosphate Transamination, deamination, decarboxylation and racemation 
of  amino acids. 
Riboflavin (B2) FMN (flavin 
mononucleotide) and 
FAD (flavin adenine 
dinucleotide).  
Oxidoreduction reactions   
Thiamine (B1) Thiamine 
pyrophosphate (TPP) 
Decarboxylation of keto acids and transaminase reactions 
Vitamins B12 Cobalamine coupled 
to adenine nucleoside 
Transfer of methyl groups 
(Kenneth, 1998). 
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2.5.1.2. Growth of bacteria: 
        Bacterial division occurs according to a logarithmic (exponential) 
progression (2 cells, 4 cells, 8, 16, 32, 64, 128, etc.), 2n, where n = number 
of generations. 
Phases of Growth: 
       During the lag phase, there is little or no change in the number of cells, 
but metabolic activity is high. During the log (exponential growth) phase, 
the bacteria multiply at the fastest rate possible under the conditions 
provided. During the stationary phase, there is equilibrium between cell 
division and death. During the death phase, the number of deaths exceeds 
the number of new cells formed (Monica, 2001) 
2.6. General characteristics of fungi:  
 Fungi are saprophytic, parasitic or commensal organism. Most live in 
the soil on decaying matter helping to recycle organic matter. Unlike 
bacteria fungi have an eukaryotic cell structure (i.e. the genetic material is 
differentiated into chromosomes which are enclosed by a nuclear membrane 
and the cell contains ribosome's and mitochondria).The majority of fungi 
are obligate aerobes and can be grown in the laboratory on simple culture 
media. Fungi can be divided into:  
• Yeasts  
• Filamentous fungi (moulds).  
• Dimorphic fungi (having yeast and filamentous forms) (Monica, 
1984).  
 
 
 25
2.6.1. Nutrition and growth of fungi:  
 Fungi, like all other living organisms, take up external materials 
through their membranes, transport them to the active metabolic sites within 
the mycelium and there transforms them to provide energy for maintenance 
and biosynthetic processes( Burnett,1976 ).  All fungi are heterotrophic and 
rely on carbon compounds synthesized by other living organisms.  Most of 
the carbon compounds available to fungi are structural molecules of large 
size such as cellulose, hemicelluloses, starch, lignin, chitin, keratin and 
other proteins, and lipids.  Generally only small molecules, e.g. mono- and 
disaccharides, fatty acids and amino acids are taken into fungal cells across 
living cell membranes, while larger molecules are excluded.  The admission 
of large molecules and particulate organic matter into cells by pinocytosis 
and subsequent digestion in vacuoles is not known to occur in fungi.  
Instead, fungi produce extra cellular enzymes to break down (hydrolyze) 
complex structural materials to simpler molecules which can be taken up 
and used as energy and/or carbon sources. These extra cellular enzymes 
may diffuse away from the hyphae or they may be bound in the cell walls. 
 Fungi are classified as chemoorgano-heterotrophic, as they use 
organic materials as a source of carbon, electrons and energy (Burnett, 1976 
Chamir, 1985; Bagger,1986). 
2.6.1.1. Nutritional requirement for fungi:  
A) Carbon source:  
 A remarkable range of carbon compounds is utilized heterotrophicaly 
by fungi.  Carbon dioxide can be fixed by many fungi but can not be used 
as an exclusive source of carbon for metabolism. Some fungi can use 
almost all carbon compounds, albeit with varying degrees of efficiency. 
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However, different strains of the same fungi may vary in their ability to 
utilize certain classes of carbon compounds or to use the same compounds 
in quantitatively different ways.  
 Inability to utilize a particular carbon compounds may reflect the 
inability of the compounds to be taken up for genetic or environmental 
reasons. The most important of the latter is the pH of the medium. In 
addition certain groups of fungi show clear specializations in respect of 
certain carbon sources. Sometimes utilization is more effective in mixtures 
than when carbon sources are supplied singly.  
B) Nitrogen sources:  
  Fungi can utilize inorganic or organic sources of nitrogen. A number 
of fungi are known to be capable of utilizing both nitrate and ammonia; 
others are incapable of utilizing nitrate but use ammonia. Certain groups of 
water moulds are said to grow only with organic nitrogen as, for example, 
amino acids. Adequate growth can occur only with a mixture of amino 
acids or any one of glutamate, L-aspartic acid and L-asparagine. Most if not 
all fungi can dispense with inorganic sources if amino acids are available. A 
very few have a specific complete or partial requirement for an amino acid 
in addition to an inorganic sources, e.g. Cenococcum graniforme, requires 
histidine, Trichophyton spp require histidine or arginine.  
C) Sulphur and phosphorus sources:  
 Sulphur and phosphorus are required by fungi much as in other 
organisms, but they can usually be utilized from simple inorganic forms 
such as sulphates for sulphur or phosphates for phosphorus. It is clear, 
however, that S-containing amino acids can act as alternative source of 
sulphur.  
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 In some cases the requirements are much more specific e.g. 
methionine is required specifically as sulphur sources by some fungi.  
D) Other elements:  
 The major and minor metallic elements requirements of fungi are 
very similar to those of other organisms; and the form in which the element 
can be utilized is the usual anion.  
E) Vitamins and other growth factors requirements:  
 One of the best known and fully investigated features of fungal 
heterotrophy is their requirements for vitamins and growth factors. The 
requirement arises from the inability of particular fungi to synthesize the 
appropriate growth factors. Vitamins are normally required in the 
concentration range 0.01–1 ng/ ml. whereas other growth factors are 
effective in the range 10-1000 ng/ml. Or even as high as at 1 ng/ml. Amino 
acids, on the other hand, are usually required in greater quantities.  
 The principal vitamins required are thiamin (B1) and biotin, and less 
frequently, pyridoxine (B6) and riboflavin (B2)  
 In some cases, notably the yeasts, multiple vitamin requirements are 
not uncommon, for example, Kloechera brevis requires thiamine, biotin, 
pyridoxine, nicotinic acid, pantothenate and, in addition, inositol, although 
this is required at about 1 µg/ml of medium.  
2.6.1.2. Fungal growth: 
  Fungi can grow rapidly because of the structure of their mycelium. 
All the hyphae in a mycelium share the same cytoplasm .Hyphae increase 
length by cellular growth and division at the tip. As the hyphae grow, the 
size of the mycelium increases. Materials can move quickly through the 
whole mycelium. Because materials from the whole mycelium are available 
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to the growing hyphae, fungi can grow rapidly. Several species of fungi are 
able to change their form in response to change in their environment. For 
example, Histoplasma capsulatum, which causes a severe disease in 
humans that can resemble tuberculosis, normally grows as mycelium on the 
ground, but when it invades a human, the increased temperature and 
available nutrients causes the fungus to grow unicellular like yeast.  
This ability to change is called dimorphism. In filamentous organisms such 
as fungi, measuring dry weight is a convenient method of growth 
measurement (Burnett, 1976). 
2.7. Cultivation of microorganisms:  
Cultivation is the process of propagating organisms by providing the proper 
environmental conditions. Growing microorganisms are making replicas of 
themselves (Brook et al, 2001).The development of microorganisms up on 
culture media is dependent upon a number of very important factors:  
a) The proper food elements must be available.  
b) Oxygen must be available as required.  
c) A certain degree of moisture is necessary.  
d) The medium must be of the proper reaction.  
e) Proper temperature relations must prevail.  
f) The medium must be sterile.  
g) Contamination must be prevented.  
A satisfactory microbiological culture medium must contain available 
sources of carbon, nitrogen, inorganic salts and in certain cases, vitamins or 
other growth – promoting substances. These were originally supplied in the 
form of meat infusions which were, and still are in certain cases, widely 
used in culture media. Beef extract frequently replaces meat infusions, but 
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the preparation of this substance subjects it to the loss of its heat labile 
nutritive factors in much the same way as infusions are effected. The 
addition of peptone provides a readily available source of nitrogen and 
carbon. Peptone is used in culture media to supply an available form of 
nitrogen; since native proteins are not generally attacked by bacteria. Most 
organisms are capable of utilizing the amino acids and other simpler 
nitrogenous compounds present in peptone. Continued investigations 
indicate that the complicated infusion media can be replaced by simpler 
media, prepared by using the proper peptones in place of the meat infusions 
here fore employed.( Difco manual, 1972; Cowan and steel, 1974)  
Certain bacteria require addition of other food substances such as 
serum, blood, or ascites fluid to the culture medium upon which they are to 
be propagated. Carbohydrates may also be desirable at times, and certain 
salts such as those of calcium, manganese, magnesium, sodium, and 
potassium seem to be required. Dyes may be added to media as indicators 
of metabolic activity or because of their selective inhibitory powers. 
Growth promoting substances of a vitamin–like nature are essential or assist 
greatly in the development of certain types of bacteria.      
The consistency of a liquid medium may be modified by the addition 
of agar, gelatin or albumin in order to change it into a solid or semisolid 
state. Solid media, which were originally devised for the isolation of 
organism in pure culture, are now universally used for almost all general 
culture work. The semisolid media are used chiefly for carrying stock 
cultures or for propagating the anaerobes. (Difco manual, 1972; Oxid 
manual, 1973; monica,2001).   
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2.8. Culture Media: 
        A culture medium is any material prepared for the growth of 
microorganisms in a laboratory. Microbes that grow and multiply in or on a 
culture medium are known as culture. (Rollins and Joseph, 2000). 
 A wide variety of media are viable for the growth of microorganisms in the 
laboratory. Most of these media are a viable from commercial sources, 
premixed components and require only the addition of water and 
sterilization. Media are constantly being developed or revised for use in the 
isolation and identification of microorganisms that are of interest to 
researcher in such felids as food, water, and clinical microbiology. (Tortora 
et al, 1998). 
2.8.1. Types of Culture Media: 
 2.8.1.1. Basic media:    
 Basic media are simple media such as nutrient agar and nutrient broth 
that support the growth of microorganisms that do not have special 
nutritional requirement. They are often used in the preparation of enriched 
media to maintain stock cultures of control strains of bacteria, and for sub-
culturing pathogens from differential or selective media prior to performing 
biochemical and serological identification tests (Salle, 1971; Barrow and 
Feltham, 1999; Monica, 2000).  
2.8.1.2. Enriched media:  
 Enriched media are media that are enriched with whole blood, lyzed 
blood, serum, peptones, special extracts or vitamins to support the growth 
of microorganisms (Pathogens) that require additional nutrients or growth 
stimulants. (Monica, 1984). 
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2.8.1.3. Selective media:  
 Selective media are media which contain substances that prevent or 
slow down the growth of microorganisms and/or promote the growth of 
desired organisms, for which the media are intended. One can also adjust 
the physical conditions of a culture medium, such as pH and temperature, to 
render it selective for organisms that are able to grow under these certain 
conditions (Monica, 2000; Kenneth, 1998).  
2.8.1.4. Differential media:  
  Differential media are the media to which indicators, dyes or other 
substances are added to differentiate between microorganisms. Most, but 
not all, differential media distinguish between bacteria by an indicator 
which changes color when acid is produced following carbohydrate 
fermentation. Blood agar, however, can also be described as a differential 
medium when it differentiates haemolytic from non-haemolytic bacteria. 
Many culture media are both differential and selective such as 
MacConkey’s agar. (Thomas, 1993; Barrow and Feltham, 1999; Monica, 
2000). 
 2.8.1.5. Transport media:  
 Transport media are mostly semisolids media that contain ingredients 
to prevent overgrowth of commensals and ensure the survival of aerobic 
and anaerobic pathogens when specimens can not be cultured soon after 
collection. Their use is particularly important when transporting 
microbiological specimens from health centers to specialized microbiology 
laboratories (Monica, 2000).  
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2.9. Choice of culture media:  
The selection of culture media to use in microbiology laboratories 
will depend on:  
• The major pathogens to be isolated, their growth requirements, 
and the features by which they are recognized.  
• Whether the specimens being cultured are from sterile sites or 
from sites having a normal microbial flora. Although a selective 
medium is usually more expensive than a non – selective one, the 
use of a selective medium often avoids subculturing, isolates a 
pathogen more quickly, and makes it easier to differentiate and 
interpret bacterial growth especially by laboratory staff with 
limited experience.  
• The cost, availability, and stability of different media in tropical 
and developing countries.  
• The training and experience of laboratory staff in preparing, 
using, and controlling culture media. (Monica, 1984). 
2.10. The forms of culture media:  
 Culture media can be used in three forms:  
2.10.1. Solid culture media:  
 This form of media is used mainly in Petri dishes as plate cultures. It 
can also be used in bottles or tubes as stab (deep) or slope cultures. When 
grown on solid media, microorganisms multiply to form visible colonies. 
Colonial appearances  and any changes in the surrounding medium help to 
identify and differentiate commensals from pathogens. 
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2.10.2. Fluid culture media:  
 The growth and multiplication of bacteria in a fluid medium is 
usually described in four stages, or phases, as follows: 
A) Lag phase. 
B) Logarithmic phase.  
C) Stationary phase.  
D) Decline phase. 
2.10.3. Semisolid culture media:  
 This form of medium is prepared by adding a small amount of agar 
(0.4 – 0.5 w/v) to a fluid medium. Semisolid media are used mainly as 
transport media and for motility testing (Meynell, 1970; Monica, 1984).  
2.11. Citrus fruits: 
         It is known that Citrus fruits contain sugars and proteins but not much 
is known about how they differ in oranges, grapefruits, and their peels.  By 
using Benedict’s test, (Barfoed’s test, Selivanoff’s test, and Bial’s test) on 
extracts of the inside of oranges and grapefruits, and peels of the fruit, 
Zimin et al,(2005) found that they all contained reducing sugars in the form 
of disaccharides and polysaccharides, ketoses, aldoses,  hexoses and 
furanoses. The Bradford protein assay; showed, the amount of proteins in 
orange extract to be the highest. Today, citrus is still the subject of much 
research in various aspects; citrus fruit peels are often used in fertilizers; it 
is a common observation that pericarp layers of citrus fruits support the 
growth of several spoilage bacteria and fungi. Pericarp layers are cheap and 
easy to obtain. In this study pericarp layers of citrus fruits were used to 
provide nutrients in culture media for the growth of some species of 
bacteria and fungi. 
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2.11.1. Parts of Citrus fruits and their chemical compositions: 
2.11.1.1. The pericarp:   
 The pericarp is that portion of the fruits exterior to the locules. It has 
been divided into two sub regions:  
(a) The exocarp or flavedo:   
Consists of the outer most tissue layers of the fruit and it 
contains the following components: essential oils (terpens, alifatic 
sesquiterpens and oxygenated derivatives, bicyclic terpens and 
sesquiterpens, aliphatic not terpenic compounds, aromatic 
hydrocarbons and esters containing nitrogen). components of the 
non volatile parts of the essential oil (paraffin waxes, steroids and 
triterpenoides, fatty acids , cumarins and psoralense flavones). 
additional components (pigments (carotenoides, chlorophilles and 
flavonoides) ,bitter principles (limonin), enzymes (oxid-reducers, 
proteolitics, acetil-esterase, phosphatase and pectic enzymates ) . 
 (b) The mesocarp or albedo:  
occurs between the exocarp and endocarp and resembles the 
spongy mesophyll of the exocarp or flavedo, and it contains the 
following components: pectic substances (pectin, protopectin, pectic 
acid and pectinic acids). additional components (bitter principles 
(limonin) ,enzymes (oxid-reducers, proteolitics, acetil-esterase, 
phosphatase, pectic enzymates)). 
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2.11.1.2. The endocarp:  
 Inside the pericarp is endocarp and has been divided in to two 
regions: 
 (a) The pulp structure:  
           Is constituted by cellulosic material while the juice contains: 
carbohydrates (mono and disaccharides), organic acids (citric acid and 
malic acid), nitrogenous components (proteins, peptides and amino acids), 
inorganic constituents (ashes), vitamins (vitamin (C)), lipids, volatile 
aromas (ethylic alcohol, acetone, acetaldehyde, formic acid, etc. ) and 
pigments (carotenoides, chlorophyll and flavonoides). 
(b)The seed: are constituted by cellulosic material with presence of: 
1. Raw proteins 
2. Oils (Walter et  al,1968; Sinclair,1972).Tables 4. and 5. 
2.11.2. Main constituents of orange pericarp layers.                                                           
          Orange pericarp layers contain: carbohydrate sources in a form of 
glucose, sucrose, fructose, disaccharides and polysaccharides; they also 
contain reducing sugars. In addition they contain protein sources and amino 
acids (alanine and serine); minerals (S, P, F, Ca, Mg,  K and Na) and acids 
(malic acid, glutamic acid and citric acid), and fats              
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Table 4. Composition of alcohol – soluble extract of orange tissues:   
Intact fruit Tissue preparation 
Flavedo Albedo Vesicles Flavedo Albedo Vesicles Components  
Light Dark Light Dark Light Dark Light Dark Light Dark Light Dark
Glucose 1.020      1.290      
Sucrose 10.400  1.140    9.870  159  146  
Fructose 810      860      
Alanine 100  5  + + 330  +    
Glutamic 
acid 
1.200 + 37 + + + 610 13 +  37 + 
Aspartic acid + 90 10 55 275 190 160 40 35 23 182 209 
Serine 180 65 45 100 200 185 120 70 135 110 146 101 
Malic acid 860 435 45 57 325 355 950 420 141 120 1.210 1.340
Citric acid 30  30 52 460 630 33 20   475 445 
Other acids + + + + 160 160 67 67 88 + 273 283 
Phosphate 
esters 
+      87 67   30  
(Walter et al,1968) Light: result in light place.   Dark: result in dark place  
+ve: present  
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Table 5. Composition of Valencia orange: 
Constituent Peel٭ Edible portion٭ Juice٭ 
Protein 1.53 1.13 1.00 
Amino nitrogen 0.28 0.06 0.06 
Fat (ether extract) 0.23 0.30 0.29 
Total soluble solids 15.69 13.06 12.59 
Total sugar 7.55 9.10 9.72 
Sucrose 1.99 4.41 4.73 
Reducing sugar 5.56 4.69 4.99 
Acid as anhydrous citric 0.29 0.75 1.02 
Moisture 72.52 85.23 87.11 
Ash 0.73 0.48 0.34 
Calcium 161.0 ¤ 36.7 9.5 
Magnesium 22.2 11.5 11.3 
Iron 0.80 0.77 0.33 
Phosphorus 20.8 21.8 19.5 
Potassium 212 173 163 
Sodium 3.0 1.3 0.7 
Sulphur 21.0 11.5 8.5 
Reduced Ascorbic acid 136.5 39.5 43.5 
Total ascorbic acid  42.3  
Biotin 0.00510 0.00118  
Carotenoids:   0.00079 
B-carotene 0.25 0.15 0.17 
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Table 5. Continued : 
Constituent Peel Edible portion Juice 
Total carotenoids 9.9 3.4 2.8 
Choline 23.0 11.6 8.0 
Folic acid 0.01180 0.00416 0.00290 
Inositol 257 204 159 
Niacin 0.888 0.491 0.376 
Pantothenic acid 0.490 0.276 0.207 
Pyridoxine 0.176 0.065 0.057 
Riboflavin 0.091 0.033 0.027 
Thiamine 0.12 0.13 0.10 
٭Gm/100Gm    ¤Mgm/100   (Walter et al,1968) 
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CHAPTER THREE 
MATERIALS AND METHODS 
3.1. Materials: 
In this study pericarp layers of sweet light blood orange were used as 
nutritional sources for culturing some species of bacteria and fungi. 
Pericarp layers of grape fruit were used for comparison. 
 Oranges and grape fruits were purchased from market as fruits 
3.1.1. Preparation of crude pericarp powder:  
The method used for preparing the crude powder form of the pericarp layers 
was as follows: Peels of orange and grape fruit were dried under the sun for 
about 24 hours; and ground to powdery form using hones.Ground powder 
was sieved using a clean thick cotton fabric (Damoria), to remove coarse 
particles.   
3.2. Preparation of culture media:  
Media including crude, boiled or cold extracts of pericarp were used in this 
study.  
3.2.1. Boiled extraction: 
  Ten grams of orange or grapefruit crude pericarp powder was added 
to 1 liter of distilled water in a flask, mixed thoroughly and boiled in a 
boiler for 15 minutes. The extract, was then allowed to cool at room 
temperature before being filtered through a clean thick cotton fabric 
(Damoria).To the filtrate other ingredients were added to prepare the 
different types of pericarp media. 
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3.2.2. Cold extraction:       
            Ten grams of orange or grapefruit crude pericarp powder were 
added to 1 liter of distilled water in a flask, mixed thoroughly, and then 
placed in a refrigerator at 4° C overnight. The cold extract was then 
removed from the refrigerator, allowed to stand at room temperature for 10 
minutes; before being filtered through a clean thick cotton fabric 
(Damoria).To the filtrate different ingredients were added to prepare the 
different types of pericarp media.  
3.3. Pericarp medium type 1: 
        To 1liter of boiled extract of orange pericarp powder was added 5 g of 
NaCl and 15 to 22 g of agar.  After thorough mixing, the contents were 
boiled in a boiler to dissolve the agar, and allowed to cool at room 
temperature for 10 minutes before adjusting the pH to 7.4. The medium was 
sterilized at 121°C for 15 minutes in an autoclave. The sterilized medium 
was allowed to stand in water bath at 50 ˚C before being poured in petri 
dishes in 15 ml volumes. The plates were kept at 4°C until used. 
3.4. Pericarp medium type 2:  
         Ten grams of crude pericarp powder were added to 1 liter distilled 
water. To the mixture 5 g of NaCl and 10 g of potassium nitrate were 
added. After thorough mixing, the contents were boiled in a boiler to 
dissolve the agar, and then allowed to cool at room temperature for 10 
minutes; before adjusting the pH to 7.4. And the medium was sterilized at 
121°C for 15 minutes in an autoclave. After sterilization the medium was 
allowed to stand in water bath at 50 ˚C before being poured in 15 ml 
volumes in petri dishes. The plates were kept at 4°C until used. 
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3.5. Pericarp medium type 3: 
To 1 liter boiled extract or 1 liter of cold extract or 1 liter distilled water 
containing 10 g of crude pericarp powder of orange ,5 g  of  NaCl, 10 to 20 
g of  peptone and 15-22 g of agar were added. The different components 
were mixed thoroughly; and boiled in a boiler to dissolve the agar, and 
allowed to cool at room temperature for 10 minutes before adjusting the pH 
to 7.4. The medium was sterilized at 121°C for 15 minutes in an autoclave. 
The sterilized medium was allowed to stand in water bath at 50 ˚C before 
being poured in 15 ml volumes in petri dishes. The plates were kept at 4°C 
until used. 
3.6. Pericarp medium type A: 
To 1 liter of distilled water 10 g of crude pericarp powder of orange, 10 g of 
peptone water and 18- 22 g of agar were added. After thorough mixing, the 
contents were boiled in a boiler to dissolve the agar, and then allowed to 
cool at room temperature for 10 minutes before adjusting the pH to 6.8. The 
medium was sterilized at 121°C for 15 minutes in an autoclave. The 
sterilized medium was allowed to stand in water bath at 50 ˚C before being, 
poured in 15 ml volumes in petri dishes. The plates were kept at 4°C until 
used. 
3.7. Pericarp medium type B: 
To 1 liter of distilled water 10 g of crude pericarp powder of orange, 10 g of 
peptone water, 5-10 g of potassium nitrate and 18- 22 g of agar were added. 
After thorough mixing, the contents were boiled in a boiler to dissolve the 
agar, and allowed to cool at room temperature for 10 minutes before 
adjusting the pH to 6.8. The medium was sterilized at 121°C for 15 minutes 
in an autoclave. The sterilized medium was allowed to stand in water bath 
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at 50 ˚C before being, poured in 15 ml volumes in petri dishes. The plates 
were kept at 4°C until used. 
3.8. Pericarp medium type C: 
To 1 liter of distilled water 10 g of crude pericarp powder of orange, 10 g of 
peptone, 5 g of vitamins (vitamin B1, vitamin B6, vitamins B12) and 18- 22 g 
of agar were added. After thorough mixing, the contents were boiled in a 
boiler to dissolve the agar, and then allowed to cool at room temperature for 
10 minutes before adjusting the pH to 6.8. The medium was sterilized at 
121°C for 15 minutes in an autoclave. The sterilized medium was allowed 
to stand in water bath at 50 ˚C before being, poured in petri dishes in 15 ml 
volumes. The plates were kept at 4°C until used. 
3.9. Pericarp medium type D:  
 To 1 liter of distilled water 10 g of crude pericarp powder of orange, 10 g 
of peptone, 5 g of potassium nitrate, 5 g of vitamins (vitamin B1, vitamin 
B6, vitamins B12) and 18- 22 g of agar were added. After thorough mixing, 
the contents were boiled in a boiler to dissolve the agar, and allowed to cool 
at room temperature for 10 minutes before adjusting the pH to 6.8. The 
medium was sterilized at 121°C for 15 minutes in an autoclave. The 
sterilized medium was allowed to stand in water bath at 50 ˚C before being, 
poured in petri dishes in 15 ml volumes. The plates were kept at 4°C until 
used. 
3.10. Grape fruit pericarp medium: 
To 1 liter boiled extract or 1 liter of cold extract or 1 liter distilled water 
containing 10 g of crude pericarp powder of grape fruit, 5 g of NaCl, 10 g 
of peptone and 18 g of agar were added. The different components were 
mixed thoroughly; and boiled in a boiler to dissolve the agar, and allowed to 
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cool at room temperature for 10 minutes before adjusting the pH to 7.4. The 
medium was sterilized at 121°C for 15 minutes in an autoclave. The 
sterilized medium was allowed to stand in water bath at 50 ˚C before being, 
poured in petri dishes in 15 ml volumes. The plates were kept at 4°C until 
used. 
3.11. pH adjustment: 
 The pH were adjusted by using potentiometric method; which employs a 
glass electrode. This method was selected because it is more accurate than 
the colorimetric methods, and is not affected by colors that develop with 
some extracts of pericarp powder. The pH meter was calibrated using 
standard phosphate buffer solutions. The culture media were adjusted to 7.4 
for bacterial cultures or 6.8 for fungal culture (0.1N) HCl or (1N) NaOH.  
3.12. Microorganisms:   
 The following references bacterial species from American type culture 
collection (ATCC) or National Collection of Type Culture (NCTC) were 
used in this study.  
Escherichia coli     ATCC No. 25922 
Klebsiella pneumoniae    ATCC No. 35657 
Pseudomonas aeruginosa   ATCC  No. 27853 
Staphylococcus aureus    ATCC  No. 25923 
Salmonella typhimurium    ATCC  No. 14028 
Shigella flexneri     ATCC  No. 12022 
Proteus mirabilis     ATCC  No. 35659 
Enterococcus feacalis    ATCC  No. 29212 
Streptococcus agalactiae   ATCC  No. 13813 
Bacillus subtilis     NCTC  No. 8236 
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A local isolates of Strept. pyogenes obtained from the laboratory 
administration, Ministry of Health was included in this study as a fastidious 
bacteria. 
         The following fungal species {Aspergillus species (A.niger, A.terreus, 
A.flavus and A.fumigatus), Trichophyton species (T.mentagrophytes, 
T.verrucosum and T.schoenleinii) Microsporum species (M.cani and 
M.audouinii)}, obtained from The National Health Laboratory, were used in 
this study.   
3.13. Cultivation of microorganisms: 
          A loopful of an overnight pure culture on Nutrient agar or Blood agar 
of each bacterial species was inoculated in sterile nutrient broth (5 ml) and 
incubated at 37° C for 48 hours.   
 A loopful from the growth in broth was used to inoculate different 
culture media which included pericarp media of orange and grapefruit, 
blood agar and MacConkey’s agar. Strept. pyogenes was inoculated directly 
from blood agar to pericarp media. 
The plates were incubated for 72 hours at 37° C, and were observed for 
their ability to support the growth of the reference strains. Comparison of 
phenotypic characteristics of the organisms on orange and grape fruit 
pericarp media as well as on the commercial bacteriological media 
{MacConkey’s and Blood agar} was made. 
From culture of different fungi on Sabouraud dextrose agar 7 to 14 days 
old, small colony were transferred to pericarp media, and incubated 
aerobically at 26°C, and examined daily for growth ability for up to two 
months. Colonial morphology and other observed characteristics were 
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noted. Comparison of growth on different types of orange pericarp media 
and sabouraud dextrose agar was made.            
3.14. Identification:  
 Identify of cultured microorganisms was confirmed according to the 
following procedures: 
3.14.1. Identification of bacterial species: 
A) Morphology and reaction: 
    Which Include: 
• Gram reaction 
• Shape 
   Gram stain: 
     The procedure described by Monica (2000) was used:  
B) Physiological characteristics: 
Using a set of biochemical test, which included:     
Oxidase test, catalase test, oxidation fermentation test (O.F-test) and 
fermentation of glucose as primary biochemical tests. This was followed 
by fermentation of: (sucrose, arabinose, raffinose, manitol, maltose, 
lactose, xylose, manose, fructose, salcin and starch). MR test,  VP test,  
indole test,  asculin test,  reaction on kligler iron agar (KIA),  coagulase 
test,  resistant to sodium chloride NaCl 6.5%, were used as secondary 
biochemical test. 
3.14.1. Identification of fungal strains:  
        Fungal growth and texture and coloration of colonies was noted. This 
was followed by microscopic examination for identification of fungi using 
lactophenol cotton blue stain.The standard nidle mount as described by 
Monica (2000) was used.  
 46
CHAPTER FOUR 
RESULTS 
4.1. Orange pericarp media for culturing bacterial species:  
4.1.1. Pericarp medium type 1:  
 According to solidification of the media, and amount of growth, the 
best weights of pericarp medium type 1 components were: 
Table 6. Pericarp medium type 1:  
Components Amount per liter 
Pericarp powder 10g 
Sodium chloride 5g 
Agar 22g 
 
4.1.2. Pericarp medium type 2 : 
        According to solidification of the media, and amount of growth, the 
best weights of pericarp medium type 2 components were: 
 
 Table 7. Pericarp medium type 2: 
Components Amount per liter 
Pericarp powder 10g 
Sodium chloride 5g 
Potassium nitrate 10g 
Agar 20g 
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4.1.3. Pericarp medium type 3:  
        According to solidification of the media, and amount of growth, the 
best weights of pericarp medium type 3 components were: 
Table 8. Pericarp medium type 3: 
Components Amount per liter 
Pericarp powder 10g 
Peptone water 10g 
Sodium chloride 5g 
Agar 18g 
 
4.2. Grape fruit pericarp medium:  
     According to solidification of the media, and amount of growth, the best 
weights of grape fruit pericarp medium components were: 
Table 9. Grape fruit pericarp medium:  
Components Amount per liter 
Pericarp powder 10g 
Peptone water 10g 
Sodium chloride 5g 
Agar 18g 
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4.3. Orange pericarp media for culturing fungal species:  
4.3.1. Pericarp medium type A: 
        According to solidification of the media, and amount of growth, the 
best weights of pericarp medium type A components were: 
         Table 10. Pericarp medium type A:  
Components Amount per liter 
Pericarp powder 10g 
Peptone water 10g 
Agar 18g 
 
4.3.2. Pericarp medium type B:  
         According to solidification of the media, and amount of growth, the 
best weights of pericarp medium type B components were: 
 Table 11. Pericarp medium type B: 
Components Amount per liter 
Pericarp powder 10g 
Peptone water 10g 
Potassium nitrate 5g 
Agar 18g 
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4.3.3. Pericarp medium type C :  
       According to solidification of the media, and amount of growth, the 
best weights of pericarp medium type C components were: 
 Table 12. Pericarp medium type C: 
Components Amount per liter 
Pericarp powder  10g  
Peptone water  10g  
Vitamins   5g  
Agar  18g  
 
4.3.4. Pericarp medium type D:  
       According to solidification of the media, and amount of growth, the 
best weights of pericarp medium type D components were: 
 Table 13. Pericarp medium type D: 
Components Amount per liter 
Pericarp powder 10g 
Peptone water 10g 
Potassium nitrate 5g 
Vitamins 5g 
Agar 18g 
 
Abundant growth was obtained when boiled extract of pericarp powder was 
used, followed by cold extract. Whereas, media containing crude pericarp 
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powder, gave scanty growth. Farther more, crude pericarp powder was 
difficult to dissolve in media. 
4.5. Bacteriology:  
     Orange pericarp medium type 3 supported the growth of all bacterial 
species, except the fastidious bacterium namely: Strept. pyogenes it was the 
best for rate and type of growth. Orange pericarp media type 1 and 2 
support only the growth of E. coli and K.pneumoniae and failed to support 
the growth of other bacterial species tested (Table 14.). The colonies of E. 
coli and K. pneumoniae in media 1 and 2 were tiny. 
Table 14. Ability of different bacterial species to grow on different 
types of orange pericarp media: 
Species of bacteria  
Pericarp media type 
1  
Pericarp media type 
2 
Pericarp media type 
3 
E. coli Growth Growth Growth 
Ps. aeruginosa No growth No growth Growth 
K. pneumoniae Growth Growth Growth 
Staph. aureus No growth No growth Growth 
S. typhimurium  No growth No growth Growth 
Sh.flexenri No growth No growth Growth 
Pr. mirabilis No growth No growth Growth 
B. subtilis No growth No growth Growth 
Entero. faecalis No growth No growth Growth 
Strept. agalactiae No growth No growth Growth 
Strept. pyogenes No growth No growth No growth 
The identity of bacterial species which grew on different pericarp media 
was confirmed according to their characteristics as shown in table 15.
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Table 15.  Charactristics of different species of bacteria which grew on pericarp media. 
Primary 
biochemical 
test 
E. coli Ps.aeruginosa K.pneumoniae Staph.aureus S.typhimurium Sh.flexenri B.subtilis Pr.mirabilis Entero.faecalis
Gram 
reaction 
-ve -ve -ve +ve -ve -ve +ve -ve +ve 
Shape R R R S R R R R S 
Spore - - - - - - - - - 
Oxidase  -ve +ve -ve -ve -ve -ve -ve +ve -ve 
Catalase test +ve +ve +ve +ve +ve +ve +ve +ve +ve 
O.F. test F O F F F F -/O F F 
Glucose AG A AG AG AG AG A AG - 
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Table 15. Continued :    
Secondary 
biochemical test 
E. coli Ps. aeruginosa K.pneumoniae Staph. aureus S. typhimurium Sh. flexenri B. subtilis Pr. mirabilis Entero. faecalis 
Sucrose  -ve - +ve +ve -ve -ve - +ve - 
Arabinose  +ve - +ve - +ve +ve - -ve +ve 
Salcin  +ve -ve +ve - -ve -ve -ve -ve - 
Raffinose  -ve -ve +ve - -ve -ve -ve -ve +ve 
Maltose  +ve - +ve +ve +ve +ve - +ve +ve 
Manitol  +ve - +ve +ve -ve +ve - -ve +ve 
Lactose  +ve - +ve +ve +ve -ve - -ve +ve 
Starch  - - - - -ve +ve +ve +ve - 
MR -ve - D - +ve - - - - 
Indole  +ve -ve - - - - - -ve - 
Nitrate  - - - - - - +ve - - 
Xylose  - +ve - - - - +ve - - 
Urea - - - - - - - - - 
Asculin  - - - - - - - - +ve 
NaCl 6.5%  - - - - - - - - +ve 
Mannose  - - - +ve - - - - - 
Fructose  - - - +ve - - - - - 
Coagulase  - - - +ve - - - - - 
AG: acid & gas.                  A: acid.               R: rod S: spherical                  D:   variable            O: oxidative          F: fermentative     
O.F test: oxidation fermentation test.      - : not tested.                           +ve: positive            -ve: negative  
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Table 15. Continued :    
Kligler Iron agar 
Species of bacteria  
Slope Butt H2S gas 
E. coli Yellow Yellow -ve +++ve 
K. pneumoniae Yellow Yellow -ve +++ve 
Ps. aeruginosa Red (Pink) Pink -ve -ve 
S. typhimurium Pink Yellow ++++ve ++ve 
Sh. flexenri Pink Yellow ++ve ++ve 
Pr. mirabilis Pink Yellow ++++ve ++ve 
 
yellow/yellow: organism ferments both lactose and glucose .            
pink/yellow: organism ferments glucose only (non lactose fermenting).      
pink/pink: oxidative organism.    
++++ve: strong positive   +ve: weak positive  -ve: negative
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4.5.1. General characteristics of E. coli ATCC No. 25922 on orange 
pericarp media :  
E. coli grew in all the three types of orange pericarp media after 
incubation aerobically at 37° C for 24 hours.  
On pericarp media type 3, the colonies were circular, white, opaque, 
smooth, convex, moist and medium sized (Figure 4.1.) 
Whereas on media types. 1 and 2 the colonies were small.  
4.5.2. General characteristics of Ps. aeruginosa ATCC No. 27853 on 
orange pericarp media:  
Ps. aeruginosa grew only in pericarp media type 3, but did not grow 
on types 1 and 2 media after incubation aerobically at 37° C for 24 hours.  
On pericarp medium type 3, the colonies were circular, white, moist, 
smooth, opaque, convex, and medium sized with green / brown visible 
pigment.  (Figure 4.4.). 
4.5.3. General characteristics of K. pneumoniae ATCC No. 35657 on 
orange pericarp media: 
K. pneumoniae grew in all the three types of orange pericarp media 
after incubation aerobically at 37° C for 24 hours.  
On pericarp medium type 3, the colonies were circular, white, opaque, 
smooth, mucoid and large sized. (Figure 4.7.) .Whereas, on media types. 1 
and 2 the colonies were small. 
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4.5.4. General characteristics of Staph. aureus ATCC No. 25923 on 
orange pericarp media:  
Staph. aureus grew only in pericarp medium type 3, and did not grow 
on types 1 and 2 media after incubation aerobically at 37° C for 24 hours.  
On pericarp medium type 3, the colonies were circular, white, smooth, 
convex, opaque, moist and small sized. (Figure 4.10.)  
4.5.5. General characteristics of S. typhimurium ATCC No. 14028 on 
orange pericarp media:    
S. typhimurium grew only in pericarp medium type 3, and did not 
grow on types 1 and 2 media after incubation aerobically at 37° C for 24 
hours.  
On pericarp medium type 3, the colonies were circular, white, smooth, 
opaque and medium sized. (Figure 4.12.) 
4.5.6. General characteristics of Sh. flexenri ATCC No. 12022 on orange 
pericarp media:  
Sh. flexenri grew only in pericarp media type 3, and did not grow on 
types 1 and 2 media after incubation aerobically at 37° C for 24 hours.  
On pericarp media type 3, the colonies were circular, white, smooth, 
convex, opaque, moist and medium sized with central raised dotes. (Figure 
4.15.)  
4.5.7. General characteristics of Pr. mirabilis ATCC No. 35659 on 
orange pericarp media:  
Pr. mirabilis grew only in pericarp media type 3, and did not grow on 
types 1 and 2 media after incubation aerobically at 37° C for 24 hours.  
On pericarp medium type 3, the colonies were circular, white, opaque, 
smooth and small sized with visible swarming growth. (Figure 4.20.)  
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4.5.8. General characteristics of B. subtilis NCTC No. 8236 on orange 
pericarp media:  
B. subtilis grew only in pericarp media type 3, but did not grow on 
types 1 and 2 media after incubation aerobically at 37° C for 24 hours.  
On pericarp media type 3, the colonies were irregular, white, flat, 
opaque, dry and large sized. (Figure 4.17).  
4.5.9. General characteristics of Entero. faecalis ATCC No. 29212 on 
orange pericarp media:  
Entero. faecalis grew only in pericarp media type 3, but did not grow 
on types 1 and 2 media after incubation aerobically at 37° C for 24 hours.  
On pericarp medium type 3, the colonies were circular, white, smooth, 
convex, moist and very small sized. (Figure 4.23.) 
4.5.10. General characteristics of Strept. agalactiae ATCC No. 13813 on 
orange pericarp media:  
Strept. agalactiae grew only in pericarp medium type 3, but did not 
grow on types 1 and 2 media after incubation  under 10 % CO2 atmosphere 
at 37° C for 48 hours.  
On pericarp medium type 3, the colonies were circular, white, smooth, 
convex, moist and very small sized, and were observed after 24 hours.  
4.5.11. Comparison between orange pericarp media and grape fruit 
pericarp media: 
Differences on colonial morphology on the two media were observed 
only in three bacterial species which include: E. coli, Ps. aeruginosa and Sh. 
Flexenri. Their colonies were, irregular in shape on grape fruit pericarp 
media. Differences on colonial sized were observed in B. subtilis and Sh. 
flexenri, their colonies were, larger on grape fruit pericarp media. Pigments 
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of Ps. aeruginosa and the golden color of Staph. aureus were very visible 
and diffused on grape fruit pericap media. 
4.5.12. Comparison between orange pericarp media and ordinary 
bacteriological culture media: 
Differences were observed on the colonial morphology (shape, sized 
and color of the colonies), but the rate and amount were almost identical. 
These differences are summarized in Table 16. 
Table 16. Type of growth of different bacterial species on orange 
pericarp medium type 3 and on MacConkey’s and Blood agar:  
On MacConkey’s agar and Blood agar On orange Pericarp medium type3
Species of bacteria  Colonial morphology and pigments 
production 
Colonial morphology and 
pigments production 
E. coli On MacConkey’s colonies were rose pink 
(L.F.), convex, moist, rough, opaque and 
medium sized.  
Colonies were white, round, convex, 
moist opaque and medium sized. 
K. pneumoniae 
On MacConkey’s colonies were pale pink 
(L.F.), large, smooth and viscid.  
Colonies were white, round, smooth, 
convex, opaque, mucoid and large 
sized. 
Ps. aeruginosa 
On MacConkey’s colonies were large, 
irregular, rough and flat, translucent (non 
L.F.) with brown /green pigments.  
Colonies were white, round to oval 
multi colony, convex, opaque and 
medium sized with brown /green 
pigments.  
Staph. aureus On MacConkey’s colonies were small, 
round, smooth , glistening and convex 
(L.F.)   
Colonies were white to cream, 
smooth, convex, moist, opaque and 
small sized.   
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Table 16. Continued :    
On MacConkey’s agar and Blood agar On orange Pericarp medium type3
Species of bacteria  Colonial morphology and pigments 
production 
Colonial morphology and 
pigments production 
S. typhimurium  On MacConkey’s colonies were creamy 
white (non L.F.) opaque, convex and 
medium size.   
Colonies were white creamy, 
opaque, smooth convex, moist and 
medium sized.   
Sh. Flexenri On MacConkey’s colonies were convex, 
round, translucent, with intact edges. (non 
L.F.) 
Colonies were creamy white, 
convex, round/irregular, moist 
smooth, opaque and medium sized.   
Pr. mirabilis Colonies  on MacConkey’s were Round, 
(non L.F.), convex and small sized.  
Swarming growth was noted on Blood 
agar.   
Colonies were white, convex,  round, 
opaque,  smooth andsmall sized with 
swarming growth.  
B. subtilis On Blood agar colonies were white – grey, 
large, flat, opaque, rough with irregular 
edge and beta – haemolysis.   
Colonies were creamy white, large, 
opaque, rough, flat and dry with 
irregular edges  
Strept. Agalactiae  
On Blood agar colonies were very small, 
colorless and dry with beta haemolysis.   
Colonies were creamy white, 
convex, moist, smooth and small 
sized.  
L.F: lactose fermenting          non L.F: non lactose fermenting  
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Figure 4.1.  E. coli on pericarp medium type 3 
 
Figure 4.2.  E. coli on grape fruit pericarp medium  
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Figure 4.4.  Ps. aeruginosa on pericarp medium 
type 3 
Figure 4.3. E. coli on MacConkey’s agar 
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Figure 4.6. Ps. aeruginosa on MacConkey’s agar 
Figure 4.5.  Ps. aeruginosa on grape fruit 
pericarp medium   
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Figure 4.8. K. pneumoniae on grape fruit 
pericarp medium   
Figure 4.7. K. pneumoniae on pericarp medium 
type 3 
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Figure 4.10. Staph. aureus on  pericarp 
medium type 3
Figure 4.9. K. pneumoniae on 
MacConkey’s agar 
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Figure 4.11.  Staph. aureus. on   grape fruit 
pericarp medium
Figure 4.12.  S. typhimurium on pericarp 
medium type 3 
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Figure 4.13.  S. typhimurium on grape fruit  
pericarp medium  
 
Figure 4.14. S. typhimurium on  MacConkey’s 
agar 
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Figure  4.15. Sh. flexneri on pericarp medium 
type 3 
 
Figure 4.16 Sh. flexneri on grape fruit pericarp 
medium
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Figure 4.18  B. subtilis  on grape fruit pericap 
medium  
 
Figure 4.17. B. subtilis on pericap medium type 
3 
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Figure 4.20. Pr. mirabilis on pericarp medium 
type 3 
 
Figure 4.19  B. subtilis  on Blood agar  
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Figure 4.21. Pr. mirabilis on grape fruit pericarp 
media  
Figure 4.22. Pr. mirabilis on MacConkey’s agar 
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Figure 4.23.  Entero. feacalis on pericarp medium 
type 3 
 
Figure 4.24.  Entero. feacalis on Blood  agar 
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4.6. Mycology: 
                 Orange pericarp media types A, B, C and D supported the growth 
of all Aspergillus species namely (A.niger, A.flavus, A.terreus and 
A.fumigatus). Trichophyton species (T.mentagrophytes,T.verrucosum, 
T.schoenleinii) and Microsporum canis, showed variation in their growth 
ability (Table 17.) 
 Table 17. Ability of different fungal species to grow on different types 
of orange pericarp media: 
Type of fungi 
Pericarp medium 
type A 
Pericarp medium 
type B 
Pericarp medium 
type C 
Pericarp medium 
type D 
A. niger Growth Growth Growth Growth 
A. terreus Growth Growth Growth Growth 
A. flavus Growth Growth Growth Growth 
A. fumigatus Growth Growth Growth Growth 
M. audouinii      No growth          No growth           No growth        No growth 
M. canis           No growth   No growth           Growth Growth 
T. mentagrophtes           No growth          Growth           Growth Growth 
T. schoenleinii           No growth          Growth     No growth       No growth 
T. verrucosum      No growth          No growth Growth Growth 
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Table 18. Characteristics of fungal strains on Sabouraud dextrose agar. 
Fungal species 
Colonial morphology in 
Sabouraud  dextrose agar 
Microscopy of the 
colonies 
M. audouinii 
Gery, buff or pale orange, 
dense and sometimes 
grooved. 
Reverse: Buff, pale 
orange 
Macro conidia& 
microconidia not seen 
Pectinate and thickened 
hyphae seen. 
M. canis 
White, usually silky. 
Reverse: deep yellow. 
Macro conidia & 
microconidia seen within 
hyphae. 
T. mentagrophtes 
Pale to buff (or pink) flat 
fulfy, or granular. 
Reverse: Buff or yellow-
orange to brown. 
Macro conidia & 
microconidia seen Spiral 
hyphae. 
T. schoenleinii 
Grey to grey brown, 
heaped becoming floded 
and waxy with age. 
Reverse: grey or grey-
brown. 
Macro conidia & 
microconidia not seen. 
Antler hyphae present. 
T. verrucosum 
Small, white or buff, flat 
or raised, floded. 
Reverse: white or buff. 
Macro conidia & 
microconidia seen within 
hyphae . 
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4.6.1. General characteristics of A. species (A.niger,A. flavus, A.terreus 
and A. fumigatus) on orange pericarp media:  
A. species (A.niger, A.flavus, A.terreus and A.fumigatus) grew in all 
types of orange pericarp media. Type A, B, C and D. Growth was obtained 
after 24 hours at 26°C aerobically.  
A. niger produced black spores surrounded by white aerial mycelia; 
the reverse of the colony had a black centre. (Figure 4.25.) 
A. flavus produced greenish yellow spores; the reverse of the colony 
had the same color as that of pericarp medium. (Figure 4.26.) 
 A. terreus produced brown spores surrounded by white aerial 
mycelia; the reverse of the colony was colored as the pericarp medium. 
(Figure 4.27.) 
A. fumigatus produced grey spores; the reverse of the colony was 
colored as the pericarp medium. (Figure 4.28.)  
4.6.2. M. audouinii on orange pericarp media: 
M.audouinii failed to grow in all types of orange pericarp media for 
up to 2 month, at 26˚C aerobically. 
4.6.3. General characteristics of M. canis on orange pericarp media: 
M.canis grew on orange pericarp media types B, C and D, while it 
failed to grow on pericarp media type A. Growth appeared after 6 weeks at 
26˚C aerobically. M.canis produced white cottony colony; the reverse of the 
colony was colored as the pericarp media. (Figure 4.29.). 
Growth was very slow and scanty. 
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4.6.4. General characteristics of T. verrucosum on orange pericarp 
media: 
T. verrucosum grew on orange pericarp media types C and D, while it 
failed to grow in other types. Type A and B. Growth was very slow and 
appeared after one month at 26˚C aerobically; in some pericarp media type 
D, growth was scanty. T. verrucosum produced yellow, waxy, smooth 
colonies with raised centre. The reverse of the colony was colored as the 
pericarp media. Type C. (Figure 4.32.). 
4.6.5. General characteristics of T. mentagrophytes on orange pericarp 
media: 
 T. mentagrophytes grew in all types of pericarp media; except type A. 
Growth appeared after 72 hours at 26˚C aerobically. 
           On type B medium T.mentagrophytes produced a cut tree/volcano 
shape with grey base and yellow top on white surface. The reverse had the 
same color as the pericarp medium. (Figure 4.29.) 
          On Type C medium, it produced a colony of small white granular 
surface. The reverse had the same color as pericarp medium. (Figure 4.30.). 
            On type D medium, it produced a large, white, granular surface 
colony or a white, diffused, flat colony without granular surface. With time 
the reverse of the culture became a black –brown  on pericarp media. (Figure 
4.31.). 
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4.6.6. General characteristics of T. schoenleinii on orange pericarp 
media:  
T. schoenleinii grew on orange pericarp medium type B. While it 
failed to grow in other types (A, C and D}.Growth was slow and appeared 
after a month at 26˚C aerobically, and was very scanty.  T. schoenleinii 
produced small, yellow granular surface colony.  
4.6.7. Comparison between orange pericarp media and Sabouraud 
dextrose agar: 
         Differences were observed on growth rate, amount of growth and 
colonial morphology (shape, and color of the colonies),  of different species. 
These differences are summarized in  Table 19. 
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Table 19. Growth of different fungal species on orange pericarp 
medium and Sabouraud dextrose agar. 
Sabouraud dextrose agar Orange Pericarp media 
Fungal species Colonial morphology and pigments 
production 
Colonial morphology and pigments 
production 
Aspergillus niger Rapid growth, early colonies white 
and velvety, later becoming black. 
Rapid growth, early colonies white 
and  velvety, later becoming black. 
Aspergillus terreus Rapid growth, early colonies white 
and velvety, later becoming brown. 
Rapid growth, early colonies white 
and velvety, later becoming brown. 
Aspergillus flavus Rapid growth, early colonies white 
and velvety, later becoming greenish 
yellow. 
Rapid growth, early colonies white 
and velvety, later becoming greenish 
yellow. 
Aspergillus fumigatus Rapid growth, early colonies white 
and velvety, later becoming green. 
Rapid growth, early colonies white 
and velvety, later becoming grey. 
M. audouinii  
Gery, buff or pale orange, dense and 
sometimes grooved. 
Reverse: Buff, pale orange  
Failed to grow. 
M. canis  
White, usually silky with radiated 
hyphae  
Reverse: Peep yellow.  
White cottony colony. 
Reverse colored as pericarp media. 
T.mentagrophtes  
Pale to buff (or pink) flat fulfy, or 
granular.  
Reverse: Buff or yellow-orange to 
brown.   
Either large/small white granular or 
diffused or grey volcano shape 
colony. 
Reverse: black brown  
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Table 19. Continued :    
Sabouraud dextrose agar Orange Pericarp media 
Fungal species 
Colonial morphology 
and pigments production 
Colonial morphology and 
pigments production 
T. schoenleinii  
Grey to grey brown, heaped 
becoming floded and waxy with 
age.  
Reverse: orange – red.  
 Yellow granular surface. 
Reverce:colored as pericarp 
media 
T. verrucosum  
Small, white or buff, flat or 
raised, floded.  
Reverse: white or buff.  
Yellow   waxy smooth colonies. 
Reverse: colored as pericarp 
media. 
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 Figure 4.26.  A. flavus on pericarp medium type A 
 
Figure 4.25.  A. niger on pericarp medium type A 
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 Figure 4.28. A. terreus on pericarp medium type A  
Figure 4.27. A. fumigatus on pericarp medium type A 
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Figure 4.33. T.verrucosum on 
pericarp medium type C 
 
Figure 4.30. 
T.mentagrop
hytes on 
pericarp 
medium 
type C 
Figure 4.29 
T.mentagrophyte
s on pericarp 
medium type B 
(volcano shape) 
Figure 4.32. 
T.mentagrophytes on 
pericarp medium type D 
(granular shape) 
Figure 4.31. 
T.mentagrophyt
es on pericarp 
medium type D 
(powdery 
shape) 
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CHAPTER FIVE 
DISCUSSION 
            This study was undertaken to investigate and assess the ability of 
citrus fruits pericarp layers to provide nutrients required for the growth of 
some species of bacteria and fungi. Three types of orange pericarp media 
were examined for their ability to support growth of bacterial species, and 
four types of orange pericarp media were examined for their ability to 
support growth of fungal species. The growth of several microorganisms on 
orange pericarp media indicates that these layers contain the essential 
nutrients required for their growth. Walter et al (1968) found that orange 
pericarp layers contained: carbohydrate sources in the form of glucose, 
sucrose, fructose, disaccharides, and reducing sugars. In addition, they also 
contained proteins and amino acids (alanine and serine) together with 
minerals like S, P, F, Ca, Mg, k and Na and acids like malic acid, glutamic 
acid and citric acid. Citrus fruits grow in many countries, and their pericarp 
layers are usually removed as waste products.  Pericap media prepared in 
this study, contained small amounts of pericarp powder, peptone and agar. 
The ingredients required are available and cheap and the media were easy to 
prepare. Scant growth was noted on media utilizing crude pericarp powder 
and these media were not homogeneous as some of the small particles of 
pericarp that escaped during sieving; failed to dissolve completely. 
Abundant growth was noted on pericarp media utilizing boiled extract, than 
those of cold extract; and on the latter media, some bacterial colonies were 
irregular in shape. Pericarp media prepared from grape fruit supported better 
growth of some bacterial species (Staph.aureus and Ps.aeruginosa) and 
some cultural characteristic e.g pigmentation were more visible than on 
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orange pericarp media. Difference in nutritional constituents particularly 
carbohydrates, proteins and acidic components were noted between grape 
fruit and orange pericarp layers (Zimin et al, 2005). Therefore, grape fruit 
pericarp extracts can be used to prepare cheap non inhibitory media with the 
same advantages of orange pericarp media.      
The results of this study showed that: E. coli, Ps. aeruginosa, K. 
pneumoniae, Staph. aureus, S. typhimurium, Sh. flexneri, Pr. mirabilis, B. 
subtilis, Entero. feacalis and Sterpt.agalactiae grew well on pericap medium 
type 3 which contained peptone and NaCl in addition to agar and pericarp 
powder. Whereas only E.coli and K. pneumoniae grew on pericarp media 
type 1 and 2 which did not contain peptone water. Fastidious bacterium 
namely: strept. pyogenes failed to grow on all pericarp media prepared.   
These findings indicate that pericap powder of orange contain suitable 
amounts of nutrients required for the growth of some bacteria e.g E.coli and 
K.peumoniae, which gave tiny colonies. E.coli and K.peumoniae are known 
to start their growth with their carbon source, as part of their own (i.e. it can 
synthesize all essential purienes, pyrimidines, amino acid and vitamins) 
(Kenneth Todar, 1998). . However, due to the low concentration of proteins 
(1.57 G/Gm) and amino acids (0.17 G/Gm) in pericarp layers (walter et 
al,1968), pericarp media type 1 and 2 failed to support growth of other 
bacterial species as peptone must be added as a protein supplements to 
overcome this deficiency. In addition, proteins are known to act as natural 
buffers, consequently it is possible that their buffering capacity allowed 
better growth, which helped to increase cellular constituents and size, 
population number or both(Tortora et al,1995;Prescott et al,1999;Brook et 
al,2001;zakia,2003). Although, peptone in pericap medium type 3 provided 
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additional protein sources, which promoted better growth for the other 
bacterial species,bacteria with complex nutritional requirements e.g strept. 
Pyogenes failed to grow, as they require animal proteins (blood and serum).  
This result is in agreement with (Monica, 2000) who reported that 
some culture media are poor and must be enriched by blood to support the 
growth of organisms that requires additional nutrients or growth stimulants.                            
Obvious phenotypic differences were noted in the growth of some 
microorganisms on orange pericarp medium type 3 and conventional 
bacteriological culture media namely MacConkey’s and Blood agar. There 
were differences in amount of growth, size and color of colonies of some 
bacterial species. Swarming growth of Pr.mirabilis was more conspicuous 
on pericarp media. In addition, Ps. aeruginosa produced more visible 
diffused pigments and K. pneumoniae colonies were more mucoid on orange 
pericarp media. These results indicate that orange pericarp medium type 3 
may be used as cheap non inhibitory medium with some advantages over 
blood agar.  Pericarp media gave good growth for Sterpt. agalactiae, which 
is known to grow only on non inhibitory media like blood agar and nutrient 
agar, which have high cost and not easy to prepare compared to pericarp 
media.  
 Fungi namely: Aspergillus species (A. niger, A. terreus, A. fumigatus. 
flavus), Microsporumcanis and Trichphyton species (T. mentagrophytes, T. 
verrucosum and T. schoenleinii) grew well on orange pericarp media, 
whereas Microsporum audouinii failed to grow. It appears that orange 
pericarp media contain the essential nutrients that can support the growth of 
most saprophytic fungi and some pathogenic fungi when enriched with other 
supplements like peptone, vitamins or nitrogenous components (KNO3).  In 
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this study T. mentagrophytes grew on all types of orange pericarp media, 
Types B, C and D, except pericarp medium type A, which lacked vitamins 
and protein supplements (KNO3). Orange pericarp media supported the 
growth of T.mentagrophytes better than the control medium (Sabouraud 
dextrose agar), due to presence of thiamin in pericarp layers (walter et 
al,1968). Thaimine is known to act as promoting factor for 
T.mentagrophytes. Different colony shapes of T.mentagrophytes were 
observed due to different nutrient sources used; and presence or absence of 
such nutrients, as additional ingredients of orange pericarp media. 
      Growth of T.mentagrophytes on pericarp media was heavy and granular 
due to the production of macroconidia. Small granular surface were 
observed on Sabouraud dextrose agar, as microconidia produced in large 
quantity. OLDS (1975) reported that: small granular surface of 
T.mentagrophytes was due to increased production of microconidia. Grey 
color of T.mentagrophytes on pericarp medium type B might be due to the 
increased synthesis of proteins especially enzymes require for pigment 
production.  
        T. schoenleinii grew only on pericarp media type B and D. Whereas, T. 
verrucosum grew on pericarp medium type C only. These findings indicate 
that T.verrucosum needed additional vitamins sources and T. schoenleinii 
required additional proteins sources in order to grow on orange pericarp 
media. 
 
 
 
 85
CONCULISSION 
 
According to the results of this study pericarp layers of orange or 
grape fruit can be used as cheap non inhibitory media for culturing some 
species of bacteria and fungi. It appears that the media are deficient in 
protein contents. Supplementation of the media with peptone improved their 
quality.  
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RECOMMENDATIONS 
 
For future work, to improve the gaps in our knowledge the following 
are recommended  
• Complete chemicals analysis of pericarp layers, should be made to 
identify the different components and their concentration. 
• Different extraction methods should be tried to find the best 
procedure to prepare pericarp extracts for culture media. 
•  On the basis of the above, pericarp extracts may be used as basal 
media; to which various additives may be added to make them, 
enriched  or selective for growth  of various microorganisms.  
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APPENDIX 
 
 
Nutrient broth (Oxoid):   
Ingredients  g/l 
Peptone water    5.0 
Yeast extract    2.0 
Lab lemco powder   1.0 
Sodium chloride    5.0 
 
This medium was prepared according to the method described by the 
manufactures (Oxiod). 
 
Nutrient agar (Oxoid): 
Fifteen gram of agar (oxide) was added to 1000ml nutrient broth 
components before sterilization. 
 
Blood agar (Oxoid): 
Ingredients     Ml 
Nutrient agar    900 
Defibrinated blood   100 
 
This medium was prepared according to the method described by the 
manufactures (Oxiod). 
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MacConkey agar (oxiod): 
Ingredients     g/l 
Peptone water    20.0 
Lactose     10.0 
Bile salts     5.0 
Sodium chloride    5.0 
Neutral red     0.075 
Agar                                           12.0      
 
This medium was prepared according to the method described by the 
manufactures (Oxiod). 
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